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NOTATION

ax, ay, az  Linear accelerations in body axes (g's)

a n  Normal acceleration (g's) % %. .

C (i-0,9) Inertia constants

Non-dimensional aerodynamic coefficients

CD Equilibrium drag coefficient
e

C Derivative of drag coefficient with respect to velocity
V

CD Derivative of drag coefficient with respect to angle of
S.t

attack

CLe Equilibrium lift coefficient

C Derivative of lift coefficient with respect to pitch rate
q

CL Derivative of lift coefficient with respect to velocity "
V.".

C Derivative of lift coefficient with respect to angle ofL

J attack

CL .  Derivative of lift coefficient with respect to rate of

change of angle of attack

Cmq Derivative of moment coefficient with respect to pitch rate. "

C Derivative of moment coefficient with respect to velocity
Cm  Derivative of moment coefficient with respect to angle of

M
Cattack

Cm. Derivative of moment coefficient with respect to rate of

change of angie if attacK .

CT Equiliurium triras3t uoe'ficient
e

C Derivative of thrust c3efficient with respect to velocity
TV

-~~~~~~/.-? -- " ---- -----
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NOTATION (Contd.)

FGX, FGy, FGZ Gravitational forces (N)

FXBI FYS, FZB Total forces in body axes (N) , "

FXS, Fys, FzS Total forces in stability axes (N)

FXW, Fyw, FzW Total forces in air-path axes (N)

g Gravitational constant (ms- 2)

1XX, Iyy, Izz, IXZ Moments and product of inertia (Kg m2)

L, M, N Total applied moments in body axes (Nm)

LAs MA, NA Applied aerodynamic moments in stability

axes (Nm)

Lp, MP, Np Applied propulsive moments in body axes(Nm)

Li, Mi , Ni (i=1,3) Direction cosines ,.4d_-.%J

m Aircraft mass (Kg)

P, Q, R Angular velocity components about body . P ,

axes (rad. s 1)

PSO HS Pitch and yaw rates about stability axes(rad.s- I)

RANGE Aircraft range (m)

UB, VB9 WB Body axes velocity components (ms1)

VE, VEK Equivalent airspeed (ms"1 , Knots)
V Aircraft ground speed (ms

VGR -

VNE, VEE, VDE Components of velocity relative to the earth(ms

VT True airspeed (ms- )

XA, YA' ZA Applied aerocynamic forces in stability axes(N,

Xp, Yp, Zp Applied propulsiv, fces in body axes (N)

XBP YB' ZB 8ody axes reference framt.

XE, YEP ZE Earth axe6 reference frame

" XS, YS, ZS Stabiltty axes reference frame
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NOTATION (Contd.)

XW, YW' ZW Air-path axes reference frame * YW. ZW

Angle of attack (rad)

Angle of sideslip (rad)

Y Flight path angle (rad)

O, @, ' Euler angles of pitch, roll (bank) and yaw

(heading) (rad)

Angle of climb (rad) . - .
* .• %.'

i (i=O,3) Quaternion components :'. -

X Angle of track, east of north (rad) A

Subscripts ON

A Aerodynamic contribution 4-..

B Body axes ..

E Earth axes -

P Propulsive contri bu.tion

S Stability axes

W Air-path axes " a-

,. .-

A dot over a variable denotes the first derivative with respect to time. . . -

. Z.-.. .-

a .% %*

-:..,-..
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1. INTRODUCTION

The aircraft behavioural Studies - Fixed Wing (ABS - FW) group

of Aerodynamics Division at the Aeronautical Research Laboratories (ARL) . .

is concerned with the flight dynamic behaviour of fixed wing aircraft, and

has the responsibility for developing flight dynamic computer models of

the advanced nigh performance aircraft operated by the RAAF.

This memorandum documents the basic six degrees of freedom e

dynamic equations of motion incorporated in the associated simulation

program SDOFAP which was written using Advanced Continuous Simulation

Language (ACSL). The pro6 ram has been developed for general use by the

ABS-FW group for aircraft simulation studies. The program presented in

Ref. (1), which was originally written using Earth axes, has been modified

to use Air-path axes for integration of the force equations to allow the .

linear analysis capabilities of ACSL to be utilised more conveniently. .

Section 2 of the memorandum gives a description of the program..- ..-

and its structure, while section 3 deals with the axes systems, their

selection and transformation, the use of quaternions in determining

aircraft attitude, and the six degrees of freedom equations of motion.

Section 4 contains an example application of the program which

demonstrates the analytical capaoilities of the ACSL language and

illustrates various alternative presentations of the output data.

2. ACSL AIRCRAFT FLIGHT DYNAMIC SIMULATION PROGRAM - SDOFAP

Tne jix aegree ot' freedom aircrat't simulation program SDOFAP has

been written in ai:'-path axes and utilises tne analytical features of the

ACSL language. A descript ion of AiSL and its utiliu3tion is given in Ref.

"2''"'
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The ACSL program structure contains three primary regions, each

dealing with specific segments of program execution; these are the

INITIAL, DYNAMIC and DERIVATIVE sections. Fig. 1 illustrates the program

flow.

The INITIAL section serves the following purposes;

1. Aircraft configuration and aerodynamic data are read in at

• .. s.,•.q

subroutine level from an input file. This file is prepared

by the setup program FTCHOO.

2. The initialisation of state and control variables and

specification of atmospheric data and other constants is

performed.

3. The setting and updating of prescribed control variables and

runtime parameters for particular simulat ion runs is

performed.

Time history calculation is carried out within the DYNAtMIC-

section. This portion of the program primarily administrs t e trimmin

procesures, prepares output variables and anage the generation and

io2.ing of time dependent results. e

Tne DERIVATIVE section contains tne aitnd1- of the six degrees look-

of freedom flight model.

Tr imm inrg o f tnte a ir cra ft equati Dn. i j a iset,

suppliet trimmina uabroutine. The routine P cnrlT varea in the example

application calls the siubrout ine EJVAL 4n> 11 3 a2C cs t~ tie
" . % -

jETmhVAriso slt ion. ieode A SL jarid t I i wth the DYNA MIf co.Mm-

secton. hisporton f th prgrampriaril adinisurstn riming ,

procgure prearesoutpt vaiabls an mang t~e gneraion nd -.".-. :

iossng o tim deendet reults % - --

Tne ERIATIV setionconainsthedet~,5 f th si degeesd..

offe4o gh oel d:[..



statements, EVAL must be appended to the ACSL program and variable values

made available by use of the AICSL inclusion character ''as described in j~pJ

Ref. (2).%

To provide the trim routine with initial state and control

variables, an approximation is made before trimming. When trimming is

complete, control is transferred back to the INITIAL section.

A description of the six cegree of freedom equations is given in

Section 3, and complete program listings are presented in Appendix 1.

3. SDOFAP SIMULATION MODEL

3.1 Definition of Axes Systems

* All axes systems are assumed to be orthogonal, rignt-handed

triads, and are shown in figure 2.

(i) Earth Axes (XEPYEPZE)

The origin is at a point fixed on the earth's surface, typically

at the runway threshold and on the centreline. The x-axis points :Nurth,

the Y-axis East, and the Z-axis 'down' toward the centre of the earth. It --

is assumed that the eartn is fiat anz non-rotatinb, 6uch that th2- earth

axes are regarded as an inertial fram..

(ii) .:3ody Axes (X,,Yi,)

I rouy axes are fixed on the :ircr-ift witri the orig.,, V '-it

tn icatcnr!i aiy .n1 -icat sI~andt er,



(ii Stbiit Axe -"'SIS

Stablit axe ar a secil se ofbodyaxe use prmariy i

the ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .p std f sal.itracs frm a sed efrne fih

(iv) Str-alty Axes XxY,Z)

Str-aity axes areafsecia fret ofbod axes us te parly in

atakadthe study of sdidrbnesp Bro ah tesfady o rfrnc flighto

Thesepaxes ae ispacedpise fro thehody fram bygte angl oyfis attcing

shruch ta t X-aicidte witeay-tte salignaed, with then proecing

therrelative windi ieto oaeda the aircraft lncsetry; the gaiyanis

pts toxi saboard andh the rlaive 'dwnad'.ctr

Note: heiv n Ai-at Aesoit copoensar zr, heaZwat ae

coinideAir-pthelgtt axes fro dyne axe boary the angle o4)

Ekn()rfrtoteair-path axes is acopihdahsoniie ,byaecfiyrstepitcge

.

7%.T

thrug -a to oincid wpithsfo thestailityf axes, and-,:, ten yawing *..

thRug . Thean oRigin is) locted t tn3elaircrat cente ofee gravit nd.,.l.

themX-axis ist age wit. treatie wind ectio. fj, ld
beom 1,4s crtc41
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(i) Force Equations.

In recent years, the use of body axes for the computation and

integration of force equations has become less popular. Ref. (1), from

which this program was developed, employs earth axes to suit the

particular application in that report. However, air-path axes have been

selected here because when used in conjunction with the ACSL linear -1
analysis procedures they yield parameters which can be used directly for

simulation validation and assessment.

(ii) Moment Equations A
The body axes system is the natural choice for the solution of

the rotational equations of motion because of the important advantage of.

constant moments of inertia when calculating the moments and angular "

motion of the aircraft.

3.3 Aircraft Attitude Determination *. -

The attitule of an aircraft is defined in terms of the

traditional Euler angles, 41 (heading angle), a (pitch attitude),

and (roll, or 'bank' angle). In order to avoid the problems associated

with the singularity in the Ejer 'rate' equations, waich occurs

when e =±900, quaternion components (5) or direction cosines may be used

in the integration step.

Quaternion components were chosen for tn. foilow~ng reasons:

(i) their time derivates are always finite an continiou,.

whereas those of tne Euler antles posseis singularities;

(ii) the coinpujtat ons remain accirst.- 13 0 ,pproac:ies ."0"

." '.-" % °
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(iii) it is a f our parameter method consisting of four

integrations with one constraint equation, whereas direction
A%-

cosines, in principle, require nine integrations and six

constraint equations.

'p. The quaternion components are expressible in terms of Euler

angles as follows:

1 coscp/2 cos6/2 cosip/2 + sino/2 sin6/2 srnip/2

sino/2 cose/2 cos p/2 -coso/2 sine/2 sinip/2

=coso/2 sin6/2 cosip/2 + sin /2 cose/2 sinip/2

-T cosqV2 cose/2 sinip/2 -sin /2 sin6/2 cosip/2 -'.

The quaternion component time derivatives are given by,

=-112 (PT Q T + flr)

= 112 (Pt-r Q-1 + i-I 2  (2)%

= 1/2 (Pt[3 +-o R *,r

t=-1/2 (Pt Qtr -r
2

where PQ ,R are angular velocity components about body axes, ana

02 + + 2

Faiiare to normal izC, tnC- quaternion cornponent.5 at eacii i terat, lcr C!' Z:

result inj tnu i;,t-lbratL Ic: cmn n~~
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Euler angles may be derived from the quaternion components or

from direction cosines by using the following relationships," -

S=tan-1 3 tan 1(34-)"'--"2 2- + T (,- .. -.-.-"

i~~~ ~ T 2 T3- I'"""

L -.- ,-

6 tan ta (14)
T I L

2 2tan- [122220 3 J tan- 1 "2 (6)

The initial Euler angles are used to determine the initial

quaternion components, which are in turn used to calculate the direction

cosine parameters for use in axes transformation computations. The

quater(ion components are updated at each iteration, using equation (2), ""'

such that the direction cosines are recalculated for use in the equations

%* -. ". -

of motLion, wnile thei E.uler angles are calculatdL as outt U cta ony

*.-o.-

3.4 Axes Transformation

7Thesfornitior of a ses of varibes fro: etd xes t ina

axe6 (u;' vice-vera) i conveniently acnied by al of directrion Oo.ines .

qU), wri ch ar e oit ui d ain terma at tne tuatern. n g equat (2),

tluwinb. rel it iokmi

... .......-

.'.- .'.-.

O~o ,% ". " ,
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( 8 ) ) ',.?

t ~ . ,-5b.

. . .~ J,*

L - 2 (2 + 2.

L = 2 ( 1 2 + 3

L = 2 (T 3 + T 0 "2 )

= 2 ( -t T 3

N2  1 2 2 "3-"0 " ) 3''" '<

0%

2 2)
M - 2(, + )-1 (7)

2 2 2 0 2 +

N.. 2
2 3 012

21  2 t 3 0

2 2

N 2 2(T +-T
2 3 03

2( -'.2)1 ..-. "i

3.5 Equations of Motion

Figure 3 is a summary of the overall six degrees of freedom

dynamic equations for the case of a flat earth. "

.. ':..,

(i) Force Equations

The aerodynamic force components are frequently computed along

stability axes, and the propulsive force components are usually supplied

in body axes. Resolution along stability axes is given by: 0.

FXS = Xp cosa + Z P sina + XA F X -, ....

F , Y + Y +F () .F k.
YS P A GY

FZS = cosa X sins ZA + FGI

* ...

.--,. 5*.."

' *% "W"

• e . .



where FGX. FGY, FGZ are the gravitational forces resolved into stability _

axes through use of the direction cosines. ,

GX L mg CosaL + N mg sincg

FGY M 3mg

GZ -Lmg sifla + N mg Cosai
GZ 3

'g' is assumed to be constant such that the calculated altitude in figure

3 is the geopotential height, as used in standard atmosphere calculations.

The total force components in air-path axes are obtained by

transformation of the forces in stability axes through the sideslip

angle a.4

F F Cosa + F sinB

F -F sina + F Cosa (10) IV
YW xs FYS

F =FzW zs

The state variable derivatives are obtained from the dynamic equations;

;, Cosa~ - P sina + F ~/mV )/co.SB
S zW TN

a F Y mV T-R (11

V F /M 5,
T XW 5S

wflere m ij the aircraft maus3, and virtual MiS3 effects art ignored. P-.

and RS aru the angular r'att.! about tne X and Zaxes respectively, in.55

stA~iiiy axes
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(10)

P =P cosa + R sina 4-
S -

RH P sina + R cosci 12
S , **J

The velocity components of the aircraft relative to the air may

be obtained in body axes, if required, from the state variables, after

integration of equation (11).

UVT Cos ai Cos8

V = V sin (3

W V sin ai cos8 .

B T

Wind components are introduced to give the components of aircraft velocity *%*s.

relative to the earth.

V =L U + M V + N W -V
NE 1 B 1 B 1 B WN

V EE L 2U B M 2V 6 N 2W -V (4

V DE L 3 U 8 M V 6 N w -B V0

wnere VWN V, V dre the wind cm c~s North, East and Down
WNI V;E 0 W

respectively with respect to the earth. e. -

Flight path parameters are deriveu directly 1'ron the earth axes

velocity vector components a6in6g equations (I1A) to 17).

46, A.



V CV2 2((1)
GR NE E

X Ta [V /V) (15)
GRE NE

also, ~~ ~ ~ ~ ~ ~ ~ ~* eqain(8)gvste lgtpthagea

TaV (16)

VV (20)

ETn E V V 7 .E.\P*

alo, giequatonc (18) h g dves t c Elgh ath ang l itude repc -2y hr

altitide? (AT) Z
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(12)

The additional parameter, the Range of the aircraft C.G. from

the runway threshold is calculated using the definition:

RANGE - (XE 2+ Y E 2) (22)

The linear accelerations sensed by accelerometers mounted at the

c.g. and aligned along the body axes are computed from the applied

aeroaynamic and propulsion forces as follows:

FX= XA Cosa -ZA sinci + XP

F =Y + (23)YB A P

FZB =XA in+ZA Poce

The linear accelerations are then given by '-i.

x -

a =F /mg (2±4)
.5,'.

In aircraft operations reference is more commonly :naa3e to the*

normal acceleration or 'load factor' which is defined as:* 4.

d -a (25)n z

(ii) Moment Equations

Tfle total mnoin. .±nts acting; *n <1N litrCraft consi.3t ur' dtcroy:nJ:I,

:. Ald puwerplanit componer.t 0 . TDiu po-.'rpli,:it cn>mpone:it a wh iin nciiihi

J-N.
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(13)

gyroscopic moments due to powerplant rotors, and thrust alignment moments,L%6

are normally given in body axes. The aerodynamic moments are, like the..
:6.

aerodynamic forces, frequently given in stability axes (3). If the .

aerodynamic moments are given in body axes, the simplification of equation

(26) is obvious (i.e. set ct=O).

L - L A cosa -N Asin L P e

4M MA + M (26)
A P

N - sina + N cosCL + N
A A P

If it is assumed that the aircraft has a piane of symmetry, s, ch

that the products of inertia IZand IX'y are zero, then the body axes

angular accelerations can be calculated by using equation (27).

P=L.C1 + N.G2 + (P.C3 + R .CQ.

=M.G + (R2 - ) C + R.P.C (75 6 7

R N.C +.C + (P- R.C)
8 2 *9 3

where

0 XX ZZ XZ

C I/2 XZ 0

03 C I I + I) (2b)

o 1 /i
5 YY

"6 C 51X

C C (IZ/ I x

9 XX iY .
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(14)

The constants C0 to C9 are evaluated during initialization.

The aircraft angular velocity components may then be obtained by

integrating equation (27).

4. EXAMPLE APPLICATION: SIMULATION OF THE LONGITUDINAL MOTION
OF A LIGHT AIRCRAFT -v "

1.1 Background.

In Ref. (6), the effects of power on the longitudinal . * .

aerodynamic characteristics of a single en6 ined, propeller driven

aeroplane were investigated. The simulation developed in that report was -

written in FORTRAN 66 code for the DEC system 10 computer. The -

subroutines employed a model of propulsion effects on the aerodynamics of

a competition aerobatic aircraft. These subroutines have been updated to

FORTRAN 77 level and transferred to an ELXSI 6400 computer for use in the -

SDOFAP model.

Appendix 2 presents a listing of the simulation program using

the master program SDOFAP.ACSL, plus the associated subroutines. Since

the aerodynamic and propulsive forces are inter-related in the power

effects modelling, tney have zeen supplied to the ACSL program alreaay

combined in stability axes, through the subroutine AERO, and the

subroutine PROP which normally supplies the propulsive forces was

bypassed. .

The callinb scquehc.u )I the power effects subroutines iJ

illu.trated in Fit,. 4 toge,"int,,r urief explanations of their indiviauai Ped

purposes.
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Preparation of the input data ror this example is demonstrated

in Appendix 3 together with a listing of the data preparation program

FTCHOO. Some of the variables listed in the data tables relate to the

original power effects simulation program of Ref. (6) and are not used in

the ACSL. program. It is recommended however that this format be employed

for data entry.

4.2 Time Histories

Time histories of the longitudinal dynamic behaviour of the

light aircraft have been generated in Appendix 4. Input data and command

files have been included to demonstrate the use of ACSL run-time commands.

Both the short period and phugoid modes have been analysed to

illustrate the various plotting capabilities of ACSL. ,4

4.3 Eigen Analysis

The eigen analysis of Appendix 5 gives results for the same

flight case as in section 4.2.

By eliminating the lateral variables using the FREEZE facility,

results for the longitudinal modes only are outained. The first

eigerivaiue and its accompanying eigenvector are associated with the -.

quaternion6, the second and thiro with the phugoid mode and the fourth and -'...-

fifth with the short period mode.

4.14 Jacobian Analysis

Thu purpose of this extension to the program ins to extract tre

non-dimen:3ional aurodyiianic oerivatives from tne -eiem:it s of the non-

d imrizns Aa Jicoba D ir. r ix.



(16)

The AflALYZ 'JACOI' run-time command causes ACSL to calculate aq

Jacobian matrix around the current trim point in state space. In order to

gain access to this matrix it is necessary to call the subroutine INTERM

from the ACSL library subroutine ZZEIGC. The resulting matrix comprises .

the linearised small disturbance equations of longitudinal motion given in

Ref. (3) Eq. (5.13-19). The matrix contains ten non-zero coefficients in

rows I to 3 from which eleven unknown longitudinal derivatives are to be

determined. It is also noted that two elements in column 4 become zero

for zero flight path angle and that the denominators in rows 2 and 3

contain the term (2p + CL.) in whicn 2p is almost three orders of

magnitude greater tan L. The equations are therefore ill-conditioned

and in order to obtain satisfactory estimates for the eleven unknowns, a

number of assumptions are proposed. •

Two options are included in the program. the first option can

only be used if the flight-path angle Y is significantly greater than zero -Z"-

and includes the assumption Cv -3 CT for propellor driven aircraft and

CT = -2 CT for jet or rocket powered aircraft. (Ref. (5) Section
TV e

7.8). The remaining ten derivatives are obtained from the ten matrix

elements. Evaluation of this method has shown that the derivatives C

and C become inaccurate if IY Y 2.0 degrees, and that. the other
L
q

derivatives are unreliable if JYJ < 0.2 degrees.

In the second option, it is further assumed tha tne derivatives

C and C are related tu C ;a C directly through the downwasnM. . n L
a q q

rate dl,/du (Ref. (3) Section 7.10) an,: tiiat Cq anu C are rlatea tj
m m.q

• CL  and C via the tailplane non-iensional moment arm. Tnese.

q a
add it ionai constraints assumc, t hat. the conrtribut ioar3 tn, itl % "

dri vativeu arc e ,tireIy due t t 1 ict pan lt . Snm 1t ti C Sic 11. 11 ....
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(17)

derivatives are derived from the matrix elements and the remainder from

,o.the above assumed relationships.

The secona option provides more accurate estimates of the

derivatives for cases where the assumed constraints are applicable.

5. CONCLUSIONS

The six degrees of freedom dynamic equations of aircraft motion 0

have been programmed using the Auvanced Continuous Simulation Language for

use in aircraft simulations. The air-path axes system was chosen for the

integration of the force equations, wnile the moment equations are .

integrated in body axes. Euler angles ana direction cosines have been

calculated by use of quaternion components.

Details of an exampie application have been provided to 4

illustrate the use of the program and its potential. Time histories,

eigen ana jacobian analyses have been demonstrated.

kA

S...,. J

-..

.. o.S.-.9.-.",?

-A. _ _ _ _ _ _ S
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APPENDICES .

APPENDIX 1. SDOAP PROGRAM LISTING

SDOEAP. ACSL -_ - _

---------------------------------------------------- " .JPROGRAM SDOEAP (FLIGHT SIMULATION MODEL)-"- •

.. ......

" PROGRAM NAME Six Degrees of Freedom in Air Path axes.
WRITTEN BY P.W.GIBBENS (EOI, A.R.L., ABS-FW)
COMPLETED 8 MAY 1985

" DESCRIPTION THIS PROGRAM PRESENTS A SET OF FLIGHT DYNAMIC "
EQUATIONS (SIX DECREES OF FREEDOM), IN AIR-PATH AXES, FOR

" AIRCRAFT SIMULATION USING ADVANCED CONTINUOUS SIMULATION "
" LANGUAGE (ACSL) ON THE A.R.L. ELXSI 6400 COMPUTER.

INTEGER ITLIM.MAXRES 4 d
LOGICAL BEGIN
ARRAY VECIN (20), XH (3)

~Ie**~hah~aa~e**h*INITIAL SECTION * h *~ hi "

INITIAL

""********* PREPARE ALL DATA AND RUNTIME PARAMETERS *'*"' "

""'* READ IN CONFIGURATION AND FLIGHT CONDITION DATA "" "

PROCEDURAL (PHIDOALT0,VEK,IXX,IYY,IZZIXZMASS=)

CALL CAECDI (PHID0,ALT0,VE0K,IXX0IYYIZZ,IXZ,MASS)
** .- ,,¢.

END $"OF CAFCDI PROCEDURAL"

"**, DEFINE ALL PRESET VARIABLES '"..

"''' RUNTIME PARAMETERS '"" ."

CONSTANT $"#### RUNTIME CONTROL PARAMETERS SHOULD ##*#"
CONSTANT $"#### BE DEFINED AT THIS POINT. SEE ##"
CONSTANT $"#### APPLICATION FOR EXAMPLES. ####"

',." "'i' TRIMMING ROUTINE ITERATION PARAMETERS ''" ""

CONSTANT $"#### TRIMMING ROUTINE PARAMETERS SHOULD ###" _

$"#### BE DEFINED AT THIS POINT. SEE ###"
$I,#### APPLICATION FOR EXAMPLES. ###".



"iATMOSPHERIC STANDARDS AND CONVERSION FACTORS "

CONSTANT RHOO = 1.2256

"GENERAL CONVERSION FACTORS, CONSTANTS AND VARIABLES"

CONSTANT DEGTOR= 0.9117453 . RADTOD= 57.29578..
,KTOMPS= 0.514773 MPSTOK= 1.942602..
,MTONM = 0.009538 NMTOM = 1858.5 ...
,FTTOM =P.3948091 G = 9.807 ...
*PI = 3.141593

"... WHERE DEGTOR= DEGREES TO RADIANS ... p

RADTOD= RADIANS TO DEGREES..
KTO?.WS= KNOTS TO METRES PER SECOND ... ,'.

MPSTOK= METRES PER SECOND TO KNOTS
MTONM = METRES TO NAUTICAL MILES..
NMTOM =NAUTICAL MILES TO METRES..
FTTOM = FEET TO METRES"

"'iINITIAL CONDITIONS (FLIGHT DATA) "

CONSTANT DPSIDO =0.0 91 DPHIDq =9.91 DALT91 =0,.0 .
VWN1 =0-0 * sWE =0.0 VWD 09.0 ...

DVEOK =01.0 *DXq =90 DY9 =99 ...

PSIDO =0.0 . X9 =0.09 YO =0 0S ...

41
SALLOW PARAMETER INCREMENTING ''

"*lINCREMENTS TO FLIGHT CONDITION PARAMETERS ####"
"###* SHOULD BE DEFINED AT THIS POINT. THOSE ####" .. ~

"**SHOWN PERTAIN TO THE EXAMPLE APPLICATION. *#..'. 94.*

CONSTANT DELl =0.0 .DRPM =0.091 DXCGPP.o ... ..

,DPL =9.9 DELS =0.91 . DEL6 =0.0 'r

""SET CONTROL INPUT PARAMETERS ~

"*$*REQUIRED CONTROL INPUT PARAMETERS SHOULD ###"
"##** BE DEFINED AT THIS POINT. THOSE SHOWN ####" ..

"** PERTAIN TO THE EXAMPLE APPLICATION. ####'"

CONSTANT ESTART=0.91,TSTART=91.01 s"** PULSE START TIME "

CONSTANT EPULSE=5.0 *TPULSE=120. S"** PULSE DURATION
CONSTANT EREPET=200. ,TREPET=200. s"to REPETITION TIME ~
CONSTANT ETAMAX5.0 .THRMAX=1.0 s"'t PULSE AMPLITUDE '

PULMAX =ETAYAX*DEGTOR $"CONVERT TO RADIANS "

"*4*~*4*~~OINCREMENT DATA AND PARAMETERS

"'ADD RUNTIME INCREMENTS TO FLICHT DATA "

PSIDO =PSIDO +DPSIDO
PHIDO =PHIDO +DPHID0
ALT1 =(ALTO *DALTO)OFTTOM
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VE91K =VEOK *DVE0K
Xg =X91 *DXO ' 1 i
Y01 =Y0 +DY01
GA1M1ARGCAMMAR+DPJ4MR

"**DEFINE INITIAL Z COORDINATE. ~~

O =-ALTO

"~~ADD RUNTIME INCREMENTS TO PARAMETERS "

VECIN(l)=ALT0 $"#### INCREMENTS OF FLIGHT CONDITION DATA ####'
VECIN(2)=DRPM $-#### ARE ADDED AT SUBROUTINE LEVEL. ****"
VECIN (3) =DXCGP .

VECIN(4)=DPL $"#### INITIAL ALTITUDE IS ALSO REQUIRED ####" - '

VECIN(5)=DEL5 "** AT SUBROUTINE LEVEL. ###"
VECIN (6)=DEL6 ,N. *

CALL PARINC (VECIN. CGPOS,.PLS)

"'CONVERT FROM EAS TO TAS

PROCEDURAL (RHO=ALT0)

CALL ATMOS (ALT1, RHO)

END $"OF ATMOS PROCEDURAL"

VT0K=VEOK*SQRT (RHOO,'RHO)

VEO =VEOK*KTOMPS
VTO = VTOK*KTOMPS

""'~~'~'SPECIFY SYSTEM EXCITATION PARAMETERS " ' "

"~SPECIFY TERMINATION CONDITION '':-

CONSTANT TSTOP =0.09

"'SPECIFY INDEPENDENT VARIABLE AS A PRECAUTION "

VARIABLE TIME =00
CINTERVAL CINT = .
NSTEPS NSTP = 01

RA-P

"i'''''APPROXIMATE TRIM VALUES FOR INITIAL CONDITIONS *'''

-SR9 =. PSD*DGO

PSIRO = PSIDO*DEGTOR

PROCEDURAL (PO1,QO.,R9. BETARO.,ALPI{RO,THETR0.ETARO ...
.GAMMAR=VTO,PHIRO,G).

CALL TRAP (VT0.PHI1R0,AMMARPO.,QORO,BETARO ...-
ALPHRO, THETRO, ETARP)

END $" OF TRAP PROCEDURAL 19



"*&& CALCULATE INERTIAL CONSTANTS Il ...

C91 = ((IXX*XZZ)- (IXZ*IXZ))
CI = IZZ/Col"'%A.

C3 = C2" (IXX-IYY+IZZ}) -_
C4 = ((IYY-IZZ) *Cl) -(IXZ*C2) ".a "

C5 = 1. /IYY _. . . _-

C6 = C5*IXZ '
C7 = C5" (IZZ-IXX)"'-,D-''
C = Ixx/C.._

C9 = ((IXX-IYY) *C8) +(Ixz*C2),--'.#

"*************INITIALIZE QUATERNIONS ***********, -",

THETDq= THETR91*RADTOD .--.- '

1l . CONTINUE '":' i"

"**NOTE.-THE EULER ANCLE(S) ARE HALVED WHEN CALCULATING..
THE QUATERNIONS" "

CALL QUATNS (PSIR3, THETR~oPHIR~oTAU05, TAUI , TAU2p, TAU391) '::.

END $"OF INITIAL" 0.

*****************DYNAMIC SECTION ** ****** **".ee.-

VDYNAM I C

"**THE TRANSITION FROM INITIAL TO DYNAMIC TRANSFERS *" '-.-:
"*41 ALL INITIAL CONDITIONS TO THE STATE VARIABLES AND ** '""."'

"**EVALUATES THE CODE IN THE DERIVATIVE SECTION ONCE. *" '"'." .

IF(BEGIN) GO TO 20 '':'":

"*******TRIM AIRCRAFT WITH USER SUPPLIED SUBROUTINE ****""'. -.

.' %

"#### EXAMPLE OF TRIMMING IN RECTILINEAR ####" ''_"

"#### FLIGHT USING SUBROUTINE POWIT. ##""- --

XH(L) =THETR T C OTHER TRIM CONDITIONS MAY BE

XCH(2) =ALPHR91 "## OBTAINED BY DEFINING APPROPRIATE ####" , . __
XH(3) =ETAR91 $"#### TRIM STATES AND ASSOCIATED TRIM ####" ,-,-,.

$"#### CONTROLS. EG. LEVEL BANKED TURN. ##"k,''%

PROCEDURAL (XH=XH,MAXRES, ITLIM, ERRMAX) ,

CALL POWIT (XH, MAXRES, ERRMAX ITLIM) '''

THE'rRO XH(Z) (1"*"-)

ALPHR =XH(2),
ET AR9( =X ( 3) Now- (

END C5 "O POWIYRCDRA""''. "
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BEGIN=.TRUE.
CO TO 10

20 .. CONTINUE

SDERIVATIVE SECIO

DERIVATIVE

~~ CALCULATE CONTROL INPUTS

"#### EXAMPLE OF CONTROL INPUTS USING THE ACSL PULSE ####"

#*# GENERATOR, OTHER INPUT FORMS ARE AVAILABLE. ##**"

PROCEDURAL (ETARPLS=
ETARO. DELPL. ESTART. EREPET. EPULSE,.TSTART. TREPET. TPULSE)

DELETA=PULMAX'PULSE (ESTART. EREPET. EPULSE)
DELPL =THRMAX'PULSE (TSTART. TREPET. TPULSE)
ETAR=ETARO+DELETA

CALL CONTROLS (ETAR. DELPL. PLS)

ETAD=ETAR*RADTOD

END "OF CONTROLS PROCEDURAL"

""""' CALCULATE QUATERNIONS; NORMALIZE, AND THEN " ""

DETERMINE THE DIRECTION COSINES *" "

P-,V,-CEDURAL (Ll,L2,L3,MlM2,M3,Nl,N2,N3=TAUO.,TAU1, TAU2,TAU3)

"*NORMALIZE QUATERNIONS"'

TAUN = SQRT((TAUO'*TAU01) (TAUI'TAUi).(TAU2'TAU2)+(TAU3'TAU3))
TAUqN = TAUq/TAUN
TAUlN = TAUl/TAUN
TAU2N = TAU2/TAUN
TAU3N = TAU3/TAUN

"'CALCULATE THE DIRECTIONAL COSINES (Li -> N3) '

Li (((TAUO0N'TAU0N).(TAU1Ii'TAU1N))'2.0l)-1.0
L2 = ((TAI~iN'TAJ2N) +(TAUO3N'TAI3N)) '2.01
L3 = ((TAU1N'TAU3N) -(TAUON'TAU2N)) '2.0

ml = ((TAU1N'TAU2N) -(TAU0N*TAU3N)) '2.0
M2 =(((TAU0N'TAU0N).(TAU2N'TAU2N))'2.0)-l.0
M3 = ((TAU2N*TAU3N). (TAtJON'TAUlN)) '2.0

Ni ((TAUlN'TAU3N) *(TAUO$N'TAU2N)) '2.05
N2 ((TAU2N'TAU3N)-(TAUON'TAUlN))'2.0
N3 =(((TAUON'TAUON).(TAU3N*TAU3N))'2.0)-1.0

END $"OF QUATERNION PROCEDURAL"dO.
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"** *CALCULATE ATMOSPHERIC CONDITIONS EOR CURRENT ALTITUDE *""

CALL ATMOS (-ZRHO) $"*### ATMOSPHERICS SUBROUTINE MUST ####"
"#### BE SUPPLIED BY THE USER. ###" ' "/

•.%' .4'

• ". 4'.

"*i *CALCULATE LONGITUDINAL AND LATERAL AERODYNAMIC FORCES **"
"~****** IN STABILITY AXES AND MOMENTS IN BODY AXES *****"

PROCEDURAL (XAYAZA,LAMA.NA=VTALPHARBETAR.PQ,R,PHIRTHETAR,DALPHR)

"#### THE AERO SUBROUTINE SUPPLIES THE AERODYNAMIC FORCES %###lt"
"#### IN STABILITY AXES. THIS MUST BE SUPPLIED BY USER. ##"

CALL AERO (XA, YA, ZA, LA, MA, NA,VT,ALPHAR, BETAR, P, Q, R,
PHIR, THETAR, DALPHR)

END $"OF AERO PROCEDURAL"

PROCEDURAL (XPYPZPLPMP,NP=VTALPHARBETAR,P,Q,R,PHIR,THETAR)

"#### THE PROP SUBROUTINE SUPPLIES THE PROPULSIVE FORCES ####"
"###* IN BODY AXES. THIS MUST BE SUPPLIED BY USER. ####"

CALL PROP (XPoYP,ZP,LP,MPNP,VTALPHAR,BETAR.PoQ,R,
PHIR, THETAR) .

END $"OF PROP PROCEDURAL"

SA = SIN(ALPHAR)
CA = COS (ALPHAR)
SB = SIN (BETAR)
CB COS(BETAR)

"** CALCULATE GRAVITY FORCE COMPONENTS -> STABILITY AXES ""

FGX = L3*MASS*G*CA + N3*MASS*G*SA
FGY = M3*MASS*G
FGZ =-L3*MASS*G*SA * N3*MASS*G*CA

"*** CALCULATE THE TOTAL FORCES (FXSFYS,FZS) **"
-> STABILITY AXES

FXS = XA + XP*CA + ZP*SA + FOX
FYS = YA + YP + FGY
FZS = ZA - XPASA + ZP*CA + FCZ

"** CALCULATE THE TOTAL MOMENTS (L,M,N) -) BODY AXES ** ...

L = (LA*CA) - (NA'SA) + LP
M = MA + MP
N : (LA'SA) + (NA*CA) + NP l

"*** CALCULATE THE TOTAL FORCES (FXWFYW,FZW) '*"

-> AIR-PATH AXES ***"

FXW = FXS'CB - FYSISB
FYW =-FXS'SB - FYS*CB -. -

FZW = FZS
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""CALCULATE FORCES IN BODY AXES '.SN

FXB =XA*CA - ZA*SA + XP
FYB = YA + YP
FZB =XA*SA + ZA*CA + ZP

CALCULATE LINEAR ACCELERATIONS "

AZ=FZB/(MASS*G)

"&*' CALCULATE NORMAL ACCELERATION

AN = -AZ0

"iRESOLVE BODY AXIS ANGULAR RATES INTO STABILITY AXES **

PS =PACA + ROSA

RS =-P*SA + R*CA

"*~~CALCULATE LINEAR DERIVATIVES ->AIR PATH AXES

"'DECLARE DALPHR, AS AN IMPLICIT VARIABLE '

DALPHR =IMPL, (Q.0.0911,30,EF, ...

(Q'CB-PS'SB.FZW/MASS/VT) /CB,0.00911)

PROCEDURAL (=EF)

CALL IMP(EF)

END $"OF DALPHR PROCEDURAL"9

DBETAR =FYW/MASS/VT-RS
DVT = FXW/MASS

"'CALCULATE ANGULAR ACCELERATIONS ->BODY AXES "

PDOT =(L*C)+(NC2)(((P*C3).(R*C4))*Q)
QDOT = (M'CS)+(((R*R) -(P*P))*C6)+(RIP*C7)-
RDOT = (N*C).(L*C2).(((PhC9) -(R*C3)) IQ)

"'""'~'DETERMINE QUATERNION RATES AND EULER ANGLES. '''"-

""CALCULATE THE QUATERNION RATES "

TAU0IDT=-(((TAU1N4P). (TAU2N'Q) :(TAU3N*R)) 0.5)
TA~DT=((TAU0NhP) -(TAU3N*Q) (TAU2N'R)) 0.5

TAU2DT= ((TAU3N*P) *(TAUON'Q) -(TAUlN'R)) 'p.5
TAU3DT=-(((TAU2N'P) -(TAU1N'Q) -(TAUPN'R)) p.5)

"" CALCULATE THE NEW EULER ANGLES '

PROCEDURAL(PSID,THETAD,PHID=Ll,L2,L3,M3,N3) -~



"'CALCULATE HEADING (OR YAW) ANGLE (PSI) '

IN RANGE gl(NORTH) TO 360 DEC.

0, ~~IF(PSIR.LT.91.1) PSIR = SRP*

" CALCULATE ANGLE OF PITCH (THETA) *

IN RANGE */-90 DEGREES ""\ ~

THETAR= ATAN (-L3/SQRT ((Ll*Ll) *(L26L2)))

THETAD= THETARARADTOD

"i CALCULATE BANK (OR ROLL) ANGLE (PHI) IN RANGE '

+/ *-180 DEGREES,WHERE DEG. INDICATES WINGS LEVEL "

PHIR =ATAN(M3/N3)
PHID = PHIRARADTOD

END *"OF EULER PROCEDURAL" J t

~~~~ ~~~TRAJECTORY ***tI*I*I*hU

RESOLVE FLIGHT PATH AXES VELOCITIES INTO BODY ''

"A*COMPONENTS FOR CALCULATION OF DISTANCES IN EARTH AXES "

UB = VT*CA*CB
VB = VT*SB
WB VT*SA*CB

CALCULATE EARTH AXES VELOCITIES FROM BODY AXES
" VELOCITIES USING DIRECTION COSINES AND WIND VELOCITIES **

VNE = Ll*UB+Ml*VB+Nl*WB-VWN
VEE = L2*UB+M2*VB+N2*WB-VWE
VDE = L3*UB+M3*VB+N3*WB-VWD

PROCEDURAL (VGRKT, GANMAD, CHID=VNE,.VEE, VDE)

''CALCULATE THE VELOCITY OVER THE GROUND, i

VCR (IE. GROUND SPEED) '

VCR = SQRT((VNE*VNE).(VEE*VEE))
VGRKT = VGR*MPSTOK

"'CALCULATE FLIGHT-PATH ANGLE, GAMMA IN RANGE -/-90 DEC "

GAMMAR = THETAR-ALPHAR
GAMMAD = GAJ4MAR*RADTOD

""CALCULATE ANGLE OF CLIMB, LAMBDA IN RANGE -/-9p DEG ~

LAMDAR = ATAN(-VDE/VGR)
LAMDAD = LANDAR*RADTOD



" CALCULATE ANGLE OF TRACK, CHI, "

"*IN RANGE P(NORTH) TO 360 DEG. "

CHIR =ATAN (VEE/VNE) .
CHID =CHIR*RADTOD

N END C"OF TRAJECTORY PROCEDURAL"

"'CALCULATE THE RANGE (NOTE: IN METRES) "

RANGE =SQRT((X*X)+(Y&Y))

* ""'"""' INTEGRATION OF SYSTEM STATE EQUATIONS " " "

ALPHAR = INTVC(DALPHRALPHRO)
BETAR = INTVC(DBETAR,BETARP)
VT = INTVC(DVT,VTO)

P = INTVC(PDOTPgl) $"ROLL RATE" -..

a.Q = INTVC(QDOT,Qo) $"PITCH RATE"
R = INTVC(RDOT,Rq) s"YAW RATE" 'a'

TAU91 = INTVC(TAUODTTAU0O1) $"QUATERNION T2ERMS"
TAU1 = INTVC(TAUlDT,TAU10)
TAU2 = INTVC(TAU2DT,TAU2O)
TAU3 = INTVC(TAU3DTTAU30)

Z = INTEG(VDE,ZO) O"Z-POSITIONAL CO-ORDINATE"
X = INTEG(VEEXp) $"X-POSITIONAL CO-ORDINATE"
Y = INTEG(VNEYO) C"Y-POSITIONAL CO-ORDINATE"

END $"OF DERIVATIVE-

VE = VT*SQRT(RHO/RHOO) $"EQUIVALENT AIRSPEED (MIS)"
4.VEK = VE*MPSTOK $"EQUIVALENT AIRSPEED (KTS)"

ALPHAD = ALPHAR*RADTOD $"ANGLE OF ATTACK 'DEGC)-
ALT =-Z/FTTOM $"ALTITUDE (FT.)"

a' *****h~hhhhhEXPRESS TERMINATION CONDITION

TERIT (TIME .GE.TSTOP)

END V"OF DYNAMIC"

a-k
" NOTE: THIS LISTING SHOULD BE USED IN CONJUNCTION WITH ""a

"'THlE ADVANCED CONTINUOUS SIMULATION LANGUAGE (ACSL) USER ~'
"iiGUIDE/REFERENCE MANUAL. i"'.

END $"OF PROGRAM"



SUBROUTINE QUATNS (PSIR. THETAR,PHIR, TAU9. TAUl. TAU2. TAU3)

c "~ CALCULATES NORMALIZED QUATERNIONS ~

SPSI = SIN (PSIR*0. 5)
CPSI =COS(PSIR*90.5)
STHETA = SIN(THETAR*0.5)
CTHETA =COS(THETAR91.5)
SPHI = SIN(PHIR*9.5) *

CPHI = COS(PHIR9.5)

* ~C "'~CALCULATE THE QUATERNIONS FROM THE EULER ANGLE TERMS '

TAU91 = (CPHI*CTHETA'CPSI) *(SPHI'STHETA'SPSI)
TAU1] = (SPHI*CTHETA'CPSI) -(CPHI'STHETA'SPSI)
TAU2 = (CPHI'STHETA'CPSI). (SPHI'CTHETA*SPSI)
TAU3 = (CPHI'CTHETA'SPSI) -(SPHI'STHETA'CPSI)

C "''NORMALIZE INITIAL QUATERNIONS '

TAUN = SQRT( (TAU0*TAUP) *(TAU1'TAU1) (TAU2*TAU2)
1 + (TAU3*TAU3))
TAUP TAU01/TAUN
TAU1. = TAUl/TAUN
TAU2 = TAU2/TAUN
TAU3 =TAU3/TAUN

RETURN

END

SUBROUTINE EVAL (XXXXXXXRES,MAXIR)

C "'THIS SUBROUTINE IS CALLED FROM THE TRIMMTING SUBROUTINE '

C TO GAIN ACCESS TO THE DERIVATIVE SECTION.

DIMENSION XXXX(3) ,XXXRES (3)

C "THE "$" CONTROL CHARACTER MAKES MAIN PROGRAM "

C "'' VARIABLES AVAILABLE TO THIS SUBROUTINE. i Aal

INTEGER I

THETAR =(XXXX(l))
ALPHAR = (XXXX(2))
ETAR9 (XXXX(3))

CALL QUATNS(PSIR95,THETAR,PHIRP.TAUOTAU1,TAU2,TAU3) 1

CALL ZZDERV(I) -

XXXRES(l) = (DVT)
XXXRES(2) =(DALPHR) *

XXXRES (3) = (QDOT)

RETURN



4." -.

*4 4 . *4 '

SEND .- "-

•.-4 4.4- ,o4%

IF (EF .EQ.9.9) COTO.8

89.RETURN":..

,.4"*'44."



FTSUBS.F .

SUBROUTINE CAECDI(PHIN.HNM.VN,IXXIYY,IZZIXZMASS)

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.F'
INTEGER I,J

C ROUTINE FOR THE INPUT OF CONFIGURATION AND *~

C FLIGHT CONDITION DATA.

OPEN (UNIT=1,FILE='FTSUD2.IN' ,STATUS=OLD')
OPEN (UNIT=7FILEFTGRAF.VPP',STATUS='OLD')

C ''READ IN CONFIGURATION AND FLIGHT CONDITION DATA -

C 1#### THE VARIABLES SHOWN PERTAIN TO THE EXAMPLE APPLICATION ####
C ### DATA READ IN IS AVAILABLE AT SUBROUTINE LEVEL ONLY. ##

READ(1. ')TTOTTSAMPNH,HNDELHNVVN,DELVNPHI ,PHIN
READ(1,*)DELPHINPL,PL03,DELPL,NRPMRPMDELRPM,WECHT,NXCG.XCGP
READ(1,')DELXCC,ZCG,(PEFF(I),I=1,7).XT
READ(1,*)ZT,XTH,ZTH,THSETMAXEPNBLADPDIA.WSET.TPSET,ETAG
READ(1,*)ACMASSACIXX,ACIYY.ACIZZACIXZSW,CW,BWSTCT
READ(1,')CETAXPZPCWPBFWBTAILCL9.,CLALCDOCDAL
READ(1.*)CM91,CMAL.EPS91,EPSALQTOQA9,AlA2,A3,B01
READ(1,')Bl,B2,B3,CD0TCDLT.CMT0.CMQW.CLPCLXI,KWINC
READ(1,')KFUSENPSFI,NPSFR,MPSFI,MPSFR.CDBCTR.BL0.,WTRTAPERF
READ(1,*)XWC. ZWC,SPSXQARTC

READ(7.h) ((TOP(I,J),J=1. 33),I =1, 20)

ill READ(7,')(CYPROP(I,1),CYPROP(I.2),CYPROP(I.3).CYPROP(I,4),I=1,20)
READ(7,*) ((DELEPS(I,J) ,J=1.10),I1.8)

C ###* DATA WHICH IS REQUIRED IN THE MAIN PROGRAM MUST **##
C #### RENAMED BEFORE BEING PASSED AS ARGUMENTS. *##

MASS=ACMASS
IXX=ACIXX
IYY=ACIYY
IZ7=ACIZZ
IXZ=ACIXZ

HNM=HN .3048

CLOSE (UNIT= 1)
CLOSE (UNIT=7)

RETURN

END

dI.



¢, ~.-.:.."

SUBROUTINE PARINC (VECIN.CGPOS.PLS)

*- C "*' SUBROUTINE TO ALLOW RUNTIME PARAMETER MODIFICATIONS "" _____

IMPLICIT REAL(A-Z) .

DIMENSION VECIN(6)
INCLUDE 'FTPAR.F'

.~- ..- ,~

- C #### THE VARIABLES SHOWN PERTAIN TO THE EXAMPLE APPLICATION. ####
C #### THEY DEMONSTRATE THE METHOD OF PARAMETER INCREMENTING. ####

ALTO= VECIN(1)
RPM =RPM +VECIN (2)
XCGP=XCGP-VECIN(3) '-"•

PLO =PLO VECIN(4)
PARS=PAR5*VECIN (5)
PAR6=PAR6+VECIN (6)

XCG=XCGP*CW/100. XQARTC-CW/4.

C #### DATA WHICH IS REQUIRED IN THE MAIN PROGRAM MUST ####
C #### RENAMED BEFORE BEING PASSED AS ARGUMENTS. ####

4" '..-*. -U

CGPOS=XCGP
PLS=PLq .-

RETURN

END

S.-°

SUBROUTINE TRAP(VT0,PHIR0,G,GAMMARP0,Q0,R ,BETAR-
1 ALPHR91,THETRP. ETARP)

C *hlh**** GIVES INITIAL APPROXIMATION FOR TRIM CONDITION *******

C #### THE APPROXIMATION SHOWN PERTAINS TO THE #### 0
C #### EXAMPLE APPLICATION. THE APPROXIMATION TO #### .. -.
C #### BE USED IS AT THE USERS DISCRETION. ###.'.

IMPLICIT REAL(A-Z)
" INCLUDE 'FTPAR.F'

PI = 3.141593
ETAOO= 2.2
KK =41.0*(XCGP/I00.-0.4) .
QD (.5'1.2256*VTO*VT)

SPO =9.
Q0 =G/VT0*TAN(PHIRO) *SIN(PHIR0)
RO =G/VT0' S I N (PHI R9) a"P M

. AN 1/COS(PHIR0)

BETARO = 0.

ALPHAW = ACMASS*G/(CLAL*QDISW)
ALPHRO = ALPHAW - WSET
CLWB = CL0 + (CLAL*ALPAW)
CDWB = CDO * (CDAL'CLWB''2)

DRAG = CDWB * QD * SW

tow. 4
GAMMAR = ASIN(-DRAG/(ACMASS'C)).I. THETRO = GAMMAR + ALPHRO-"
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ETAO = (ETAOOKK*CLWB)*PI/180.
ETARO = ETA"

RETURN
# '. ,,*-

END ",

SUBROUTINE ATMOS (HRO) -%,

IMPLICIT REAL (A-Z)

COMMON/ARGS 2/HITE, DENS

C * THIS ROUTINE GIVES THE DENSITY AT A "
C *" GIVEN ALTITUDE FOR ISA CONDITIONS. *-

C ### MORE COMPLICATED ATMOSPHERE ROUTINES MAY BE USED. ####
C #### THE SUBROUTINE TO BE USED IS AT THE USERS DISCRETION. ####

HITE=H
DENS=1.2256* (1-0.2256*HITE/100.0) *'4.2561
RO =DENS

RETURN

END

SUBROUTINE AERO (XA• YA• ZA, LAMA, NA, VTALPHAR, BETAR
1 PP,QQRR,PHIR,THETAR) ''

C """' CALCULATES TOTAL AERODYNAMIC FORCES AND MOMENTS "''* "

IMPLICIT REAL (A-Z)

INCLUDE 'FTPAR.F'
DIMENSION X(29)

C #### THE VECTOR X IS USED TO PASS STATE VARIABLES TO ####
C #### ANY SUBROUTINES CALLED FROM AERO. SEE THE EXAMPLE #*##
C #### APPLICATION FOR DETAILS OF ITS USE. ####

X(V) = VT 0 P
X (ALPHA) = ALPHAR ,
X(Q) = QQ
X(P) = PP

X(H) = HITE
X(PHI) = PHIR C-%-"-%
X(THETA) = THETAR

CALL ATMOS(HITERHO)

QD=.S*RHO*VT6*2

C ''*' DETERMINE INDIVIDUAL AERODYNAMIC CONTRIBUTIONS. ''''***-

C #### ANY SUBROUTINE CALLS OR OTHER CALCULATIONS ####



C ## TO DETERMINE INDIVIDUAL AERODYNAMIC FORCE ####

C ###* CONTRIBUTIONS SHOULD BE ENTERED HERE. ###,
C #### SEE APPLICATION FOR EXAMPLES. ###•

C *6** CALCULATE TOTAL AERODYNAMIC FORCES AND MOMENTS. "",-

C *### TOTAL FORCES AND MOMENTS SHOULD BE DETERMINED ####
C #### HERE BY ADDITION OF INDIVIDUAL CONTRIBUTIONS. ###*
C #** SEE APPLICATION FOR EXAMPLES. ###

XA
YA =
ZA =

LA =
MA=
NA = -

RETURN
END •-

SUBROUTINE PROP(XP,YPZP,LP,MP,NP,VTALPHARBETAR, .
1 PPQQRRPPHIRTHETAR)

C • • CALCULATES TOTAL PROPULSIVE FORCES AND MOMENTS •
" -"

IMPLICIT REAL (A-Z) * .
INCLUDE 'FTPAR.F'
DIMENSION X(21)

C #*# THE VECTOR X IS USED TO PASS STATE VARIABLES TO ## -
C #### ANY SUBROUTINES CALLED FROM PROP. SEE THE EXAMPLE #*# "
C ### APPLICATION FOR DETAILS OF ITS USE. ####

X (V) = VT
X (ALPHA) = ALPHAR .- ,
X(Q) = QQ
X (P) = PP
X(H) = HITE -
X(PHI) = PHIR
X(THETA) = THETAR

CALL ATMOS(HITE,RHO)

QD=. 5*RHO'VT*'2 .

C ""•' DETERMINE INDIVIDUAL PROPULSIVE CONTRIBUTIONS. '""""

C #### ANY SUBROUTINE CALLS OR OTHER CALCULATIONS ####
C #### TO DETERMINE PROPULSIVE FORCES SHOULD BE ####
C #### ENTERED HERE. ####
C #### SEE APPLICATION FOR EXAMPLES. ####,,

C *'***Ad CALCULATE TOTAL PROPULSIVE FORCES AND MOMENTS. '*'- .

C #### TOTAL FORCES AND MOMENTS SHOULD BE DETERMINED #### .' -.
C #### HERE BY ADDITION OF INDIVIDUAL CONTRIBUTIONS. ####'
C #### SEE APPLICATION FOR EXAMPLES. ####

XP -



NP =

END

SUBROUTINE CONTROLS (ETARDELPLPLS)

INCLUDE 'ETPAR.F'

C *'THIS SUBROUTINE IS USED TO INCREMENT OR OTHERWISE ~
C "'MODIFY CONTROL INPUTS AS REQUIRED.

C #* THE CODING SHOWN RELATES TO THE EXAMPLE APPLICATION. ####

ETA =ETAR ..

PL = PLq+DELPL
PLS =PL

RETURN

END
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APPENDIX 2. POWER EFFECTS PROGRAM LISTING , .. ,

SDOFAP .ACSL

PROGRAM SDOFAP (FLIGHT SIMULATION MODEL)

PROGRAM NAME Six Degrees of Freedom in Air Path axes.
" WRITTEN BY P.W. GIBBENS (EO, ABS-W, ARL)
"COMPLETED 8 MAY 1985
H Ht

" MODIFIED BY R.H. PERRIN (EO1, ABS-RW, ARL) TO ALLOW FOR _
" A VERY SMALL OR ZERO CLIMB ANGLE - OCTOBER 1985

" DESCRIPTION : THIS PROGRAM PRESENTS A SET OF FLIGHT DYNAMIC "
" EQUATIONS (SIX DEGREES OF FREEDOM). IN AIR-PATH AXES, FOR "" ''

AIRCRAFT SIMULATION USING ADVANCED CONTINUOUS SIMULATION H
H LANGUAGE (ACSL) ON THE ARL ELXSI 640 COMPUTER.
H H

INTEGER ITLIMMAXRES
LOGICAL BEGIN a*
ARRAY VECIN (29), XH (3)

"*i.+,.++,*+..****u+,u INITIAL SECTION *.*...h**+,***.,,-

INITIAL

""*++***** PREPARE ALL DATA AND RUNTIME PARAMETERS *"*'"" " --

~"* READ IN CONFIGURATION AND FLIGHT CONDITION DATA ''"

PROCEDURAL (PHIDOALTO,VEOK,IXXIYYIZZIXZMASS=)

CALL CAFCDI (PHID9.ALT0.VEOK.IXX.IYYIZZ.IXZMASS)

END $"OF CAFCDI PROCEDURAL"

"*** DEFINE ALL PRESET VARIABLES *"

"''' DEFINE RUNTIME PARAMETERS *' .

CONSTANT TSTP=5. PLS=. ,CGPOS=25.1 '..-
CONSTANT HI 1=0. H12=0. .HI3=. -
CONSTANT LO1=0. ,LO2=. ,L03=.

"'" POWIT TRIMMING ROUTINE ITERATION PARAMETERS '' " '?'.'"
CONSTANT MAXRES 3 TL.

.ERRMAX =0.9001-



"''ATMOSPHERIC STANDARDS AND CONVERSION FACTORS IV"

COSTNRLCNESINFCOS CONSTANTS AND VARIABLES "

CONSTANT RHGO = 1.225 RADTOD= 57.29578 ...

,KTOPS= .51473 MSTOK= 1.942692..S
MTN 10158 NMTOM = 1858.5 .. ,.

PI~ = 3.14159

".WHERE DEGTOR= DEGREES TO RADIANS ... .. *

RADTOD= RADIANS TO DECREES..pKTOMPS= KNOTS TO METRES PER SECOND ..
MPSTOK= METRES PER SECOND TO KNOTS ...
MTONM =METRES TO NAUTICAL MILES..
NMTOM = NAUTICAL MILES TO METRES..
FTTOM = FEET TO METRES

'**INITIAL CONDITIONS (FLIGHT DATA) *'

*CONSTANT DPSID91 =01.0 .DPHIDO =9.0 .DALTO =0.0 ..
VWN =0.091 VWE =9.0 VWD =90 ..

DVEOK =0.0 DXO =9.0 .DY91 =90.0 ...
PSID =9.01 XO =91-0 YO =0.-0 ...

SALLOW PARAMETER INCREMENTING **

CONSTANT DELI =0.0 DRPM 09.03 DXCGP=0.o ...
*DPL 0 .DELS =0.0 DEL6 =0.0

toitit0
" SET CONTROL INPUT PARAMETERS '"

CONSTANT ESTART=O.01,TSTART=O.0qI " PULSE START TIME '

CONSTANT EPULSE=5.0 TPULSE=120. s"PULSE DURATION "

CONSTANT EREPET=200. ,TREPET=2091. $"REPETITION TIME "

CONSTANT ETAMAX=5.1 .THRMAX=1.P " PULSE AMP~LITUDE to'

PULMAX =ETAMAX*DEGTOR $"CONVERT TO RADIANS "

S... ""* ADD RUNTIME INCREMENTS TO FLIGHT DATA ''...

6 8 PSIDO =PSIDO +DPSIDO
PHID1 =PHID0 +DPHIDO IP
ALTO =(ALTO +DALTO) *FTTOM

p.VEOK =VEOK *DVEPK
X~l =Xq +DXO
y91 =Y0 +DYO

V. GAMMAR=GAMMAR+*DGAMMR

"'DEFINE INITIAL Z COORDINATE. i.5.55

ZO =-ALTO



-7-' 7 7. 7*,

-Si

* i"" ~ADD RUNTIME INCREMENTS TO PARAMETERS **

VECIN (1) =ALT91
VECIN (2) DRPM
VECIN (3) =DXCCP
VECIN (4) =DPL
VECIN (5) DEL5

16 VECIN (6) =DEL6

CALL PARINC (VECIN, COPOS, PLS)

"'CONVERT FROM EAS TO TAS "

w ~PROCEDURAL (RHO=ALTO)

fl CALL ATMOS (ALTO. RHO)

END $"OF ATMOS PROCEDURAL"

VTPK=WEPK 'SQRT (RHOO/RHO)

VEP = VEO1K*KTOMPS
VTO = VTOK'KTOMPS

""""""" SPECIFY SYSTEM EXCITATION PARAMETERS " " "

"'SPECIFY TERMINATION CONDITION""

CONSTANT TSTOP =9.5

"'SPECIFY INDEPENDENT VARIABLE AS A PRECAUTION

VARIABLE T IME = 90-9
CINTERVAL CINT =009
NSTEPS NSTP 0

"'SET INITIAL APPROXIMATION FOR INITIAL CONDITIONS"'

PSIRO = PSID91*DEGTOR
PHIRP = PHIDO*DEGTOR

PROCEDURAL (P0. QP R0, BETAR,ALPR0. THETR1, ETAR03 ..
GAMMAR=VT91,PHIR0, C)

CALL TRAP (VT0.PH1RO,G,GA!O4ARPO,Q0,R01,BETAR01 ..
ALPHRP, THETRO, ETARP)

END $"OF TRAP PROCEDURAL '.

CALCULATE INERTIAL CONSTANTS '"

CO = ((IXX*IZZ)-(IXZ*IXZ))
IqCl = IZZ/Cq

C2 = IXZ/CP
C3 = C2 * (IXX - I YY I ZZ)
C4 = ((IYY-IZZ)I'Cl)-(IXZIC2)
C5 = l.P/IYY
C6 = C5'IXZ

*C7 = C 5 -(I Z Z- IXX)
C8 =IXX/Cp

C9 =((IXX-IYY)-CB)-(IXZ'C2)



""*"***""******"** INITIALIZE QUATERNIONS **"***"** * ,h*"

THBTD0= THETRO *RADTOD
,

S10~. CONTINUE

"**NOTE:-THE EULER ANGLE(S) ARE HALVED WHEN CALCULATING...

THE QUATERNIONS"

CALL QUATNS(PSIRPTHETR0,PHIR0,TAUP.TAUI1,TAU2,TAU30)

END $"OF INITIAL"

i ************************ DYNAMIC SECTION *****I*********

DYNAMIC

"** THE TRANSITION FROM INITIAL TO DYNAMIC TRANSFERS "..
"'* ALL INITIAL CONDITIONS TO THE STATE VARIABLES AND "
"*** EVALUATES THE CODE IN THE DERIVATIVE SECTION ONCE. *"

IF (BEGIN) GO TO 20

""TRIM AIRCRAFT USING SUBROUTINE POWIT '"-7

IN

XH(1) =THTR- .
XH(2) =ALPHR.0 er r.,, XH(3) :ETARO ,.",.

i PROCEDURAL (XH=XH,MAXRES. ITLIM,ERRMAX) -"

CALL POWIT(XHMAXRESERRMAX,ITLIM)

THETRO =XH(1)
ALPHRO =XH(2)
ETARO "XH(3)

END $ "OF POWIT PROCEDURAL"-

BEGIN:. TRUE.
GO TO 10

20. CONTINUE

R a VAT I *E -DERIVATIVE SECTION*

DERIVATIVE

*'aaa..aaa*aaaa(ET P CALCULATE CONTROL INPUTS *'* * aaaa*****"

PROCEDURAL.(ETARPL..._
ETARODELPL, ESTART,EREPETEPULSE,TSTART.TREPETTPULSE)

4.,'". ." N



DELETA-PULMAX'PULSE (ESTART. EREPET. EPULSE)
DELPL =THRMAX'PULSE (TSTARTTREPET,TPULSE)
ETAR=ETARO+DELETA

CALL CONTROLS (ETAR. DELPL. PLS)

ETAD=ETAR*RADTOD

END $"OF CONTROLS PROCEDURAL" .\'

"""'*"'CALCULATE QUATERNIONS; NORMALIZE, AND THEN " "

""'hi"' DETERMINE THE DIRECTION COSINES " " "

PROCEDURAL(Li.L2,L3,Mi.M2,M3,Ni.N2,N3=TAU01,TAUi.TAU2,TAU3)

le*NORMALIZE QUATERNIONS '0

TAUN = SQRT((TAUO'*TAUO1) *(TAUI'TAU1) *(TAU2'TAU2) (TAU3'TAU3))
TAUqN = TAUO1/TAUN

TA~lN= TAU/TAU
TAU1N = TAUi/TAUN
TAU3N = TAU2/TAUN

'**CALCULATE THE DIRECTIONAL COSINES (Li - N3)""

Li = (((TAUON'TAUON).(TAUiN'TAUiN))*2.0l)-i.01
L2 =((TAUiN*TAU2N) (TAU9ON'TAU3N)) '2.01
L3 = ((TAUiN'TAU3N) -(TAU0N*TAU2N)) *2. 0

Mi = ((TAU1N'TAU2N) -(TAUON'TAU3N)) *2.0
M2 = (((TAUON'TAUON) +(TAU2N'TAU2N)) '2. )-i .0
M3 =((TAU2N'TAU3N) *(TAUON'TAU1N)) '2.0

Ni ((TAUiN'TAU3N) *(TAUO5N'TAU2N)) '2.01
N2 =((TAU2N'TAU3N) -(TAU0N'TAUiN)) *2.0
N3 (((TAUON'TAUON)+(TAU3N'TAU3N))'2.0)-b.9

END $"OF QUATERNION PROCEDURAL"

"'CAL(CULATE ATMOSPHERIC CONDITIONS FOR CURRENT ALTITUDE""

CALL ATMOS (-ZRHO)

"'CALCULATE LONGITUDINAL AND LATERAL AERODYNAMIC FORCES '

IN STABILITY AXES AND MOMENTS IN BODY AXES

PROCEDURAL (XAYAZALA,MA,NA=VT.ALPHARBETAR,P,Q,R,PHIR.THETAR,DALPHR)

CALL AERO (XAYA.ZA,LA.MANA,VT.ALPHAR,BETAR.PQ.R,
PHIR, THETAR. DALPHR)

END $"OF AERO PROCEDURAL" *%

PROCEDURAL (XP,YP. ZP, LP,MP,NP=VT,ALPHiR, BETAR,PQ.R,PHIR,THETAR)

CALL PROP (XPYPZP,LPMP.NPVT.ALPHAR,BETAR,P,Q,R,
PHIR, THETAR)

END $"OF PROP PROCEDURAL" .



SA = SIN (ALPHAR)
CA = COS (ALPHAR)
SB = SIN(BETAR)
CB = COS(BETAR)

""CALCULATE GRAVITY FORCE COMPONENTS -STABILITY AXES "

FGX = L3*MASS*G*CA + N3*M&SS*G*SA

FGZ=L3YSSGS + N3*MASS*C*CA

"'CALCULATE THE TOTAL FORCES (FXSFYS.FZS) "

"''' -, STABILITY AXES*'". .'

FXS = XA + XP*CA + ZP*SA + FGX
FYS =YA +YP + FCY
FZS = ZA - XP*SA + ZP*CA + FGZ

"'CALCULATE THE TOTAL MOMENTS (Lj4,N) ->BODY AXES "

L = (LAICA) - (NAISA) + LP
M MA + MP
N = (LA*SA) + (NA*CA) + NP

"'CALCULATE THE TOTAL FORCES (FXW.FYW.FZW) "
3 * ""' -) AIR-PATH AXES ""a

FXW = FXS'CB + FYS*SB
FYW =-FXS*SB + FYS*CB
FZW =FZS

SCALCULATE FORCES IN BODY AXES '

FXB =XA*CA - ZA*SA + XP
iSFYB =YA +YP

FZB =XAASA.+ZA*CA ZP

"'CALCULATE LINEAR ACCELERATIONS"'

AX =FXB/(MASS*G)
AY =FYB/(MASS*G)
AZ = FZB/(MASS*G) *'

"SitCALCULATE NORMAL ACCELERATION look

AN =-AZ

""RESOLVE BODY AXIS ANGULAR RATES INTO STABILITY AXES ''

PS =P*CA - R*SA
RS =-P*SA - R*CA

"'''CALCULATE LINEAR DERIVATIVES ->AIR PATH AXES '''

''DECLARE DALPHR AS AN IMPLICIT VARIABLE ''

DALPHR =IMPL (Q.0.013,F ..



ji,

(Q'CB-PS'SBFZW/MASS/VT) lCB. 0.0001)

PROCEDURAL (=EF)

CALL IMP(EF)

-:END V"OF DALPHR PROCEDURAL"

DBETAR = FYW/MASS/VT-RS
DVT = FXW/MASS0

V ""' CALCULATE ANGULAR ACCELERATIONS ->BODY AXES"'

PDOT =(L'Cl)+(N*C2).(((P*C3).(R*C4))*Q)
QDOT = (M*C5).(((R*R) -(P'P)) 'C6)+(R*P*C7)
RDOT = (N'CB)+(L*C2).(((P'C9)-(R*C3))'Q) 0-

""""' DETERMINE QUATERNION RATES AND EULER ANGLES. " "

"'CALCULATE THE QUATERNION RATES '.

TAU0DT=- (((TAU1N'P) *(TAU2N*Q) .(TAU3N*R)) '0.5)
TAUlDT= ((TAU0N'P) -(TAU3N'Q) (TAU2N*R)) '05 .:
TAU2DT= ((TAU3N*P) *(TAU01N*Q) -(TAUlN*R))*'0.5
TAU3DT=-(((TAU2N'P) -(TAUlN'Q) -(TAUO1N'R)) '0.5)

"'CALCULATE THE NEW EULER .Iu~iGLES""

PROCEDURAL (PSID, THETAD,PHID=L1. L2,L3,M3. N3)

""'* CALCULATE HEADING (OR YAW) ANGLE (PSI) ""'

IN RANGE P(NORTH) TO 360 DEC. "

PSIR = ATAN(L2/Ll)
IF(PSIR.LT.O.0) PSIR PSIR+PI*2
PSID =PSIR*RADTOD

4.- ""'CALCULATE ANGLE OF PITCH (THETA) '

IN RANGE +/-90 DEGREES

THETAR= ATAN (-L3/SQRT( (L1'Ll) *(L2'IL2)))
THETAD= THETARdRADTOD

to** CALCULATE BANK (OR ROLL) ANGLE (PHI) IN RANGE "'

+" /-180 DEGREES,WHERE 0 DEG. INDICATES WINGS LEVEL "

PHIR = ATAN(M3/N3) .
"''a = HI*ADO

END $"OF EULER PROCEDURAL" I

a aa a a a a aa aa ~ TRAJECTORY aaa a aaaaaaaaaaaaaaaaa"'A *

3 'aaa RESOLVE FLIGHT PATH AXES VELOCITIES INTO BODY it
"aaCOMPONENTS FOR CALCULATION OF DISTANCES IN EARTH AXES aa

i



- ' % % * *$J%' .- ',
lp 7.-:7.77 * F. 77

UB = VT*CA*CB
VB = VT*SB
WB = VT*SA*CB

CALCULATE EARTH AXES VELOCITIES FROM BODY AXES
""' VELOCITIES USING DIRECTION COSINES AND WIND VELOCITIES ',.

VNE = Ll'UB+M1'VB+NI*WB-VWN
VEE = L2*UB*M2*VB+N2*WB-VWE
VDE = L3*UB.M3*VB+N3*WB-VWD

PROCEDURAL (VGRKT, GAMMAD, CHID=VNE, VEE, VDE)

"'' CALCULATE THE VELOCITY OVER THE GROUND, **"

VGR (IE. GROUND SPEED)

VCR = SQRT((VNE*VNE)+(VEEVEE))
VGRKT = VGR*MPSTOK

' h* CALCULATE FLIGHT-PATH ANGLE, GAMMA IN RANGE +/-90 DEG •" -

GAMMAR = THETAR-ALPHAR
GAMMAD = GAMMAR*RADTOD

" ' CALCULATE ANGLE OF CLIMB, LAMBDA IN RANGE */-90 DEG '*"

LAMDAR = ATAN(-VDE/VGR) . -

LAMDAD = LAMDAR*RADTOD .

,,* CALCULATE ANGLE OF TRACK, CHI, ' " "% '"'"

"'i' IN RANGE q(NORTH) TO 360 DEG. '"

CHIR = ATAN(VEE/VNE) .
CHID = CHIR*RADTOD

END $"OF TRAJECTORY PROCEDURAL"

"•" CALCULATE THE RANGE (NOTE: IN METRES) "

RANGE = SQRT((X*X) (Y*Y))

",,thh*•*4* INTEGRATION OF SYSTEM STATE EQUATIONS ' *"

ALPHAR = INTVC(DALPHR,ALPHRm)
BETAR = INTVC(DBETARBETARP)

, VT = INTVC(DVT,VTO)

P = INTVC (PDOTPp) $"ROLL RATE"
Q = INTVC(QDOT,QP) $"PITCH RATE"
R = INTVC(RDOT.RO) S"YAW RATE"

TAUP = INTVC(TAU0DT.TAU0) $"QUATERNION TERMS"
TAUI = INTVC(TAU1DT TAU 1)

2". TAU2 = INTVC(TAU2DT,TAU2$)
TAU3 = INTVC(TAU3DT,TAU30)

z = INTEG(VDE,Zl) $"Z-POSITIONAL CO-ORDINATE"
X = INTEG(VEEXP) $"X-POSITIONAL CO-ORDINATE"



@7 7

Y =INTEG(VNEYO) s"Y-POSITIONAL CO-ORDINATE"

END s"OF DERIVATIVE"

i .. -

VE = VT*SQRT(RHO/RHO91) V"EQUIVALENT AIRSPEED (M/S)"
VEK =VE*MPSTOK $"EQUIVALENT AIRSPEED (KTS)"
ALPHAD =ALPHAR*RADTOD $"ANGLE OF ATTACK (DEG)"
ALT =-Z7/FTTOM $"ALTITUDE (FT.)#'No

~*a*o~h**~~~h*EXPRESS TERMINATION CONDITION

TERMT (TIME .GE.TSTOP)

END $"OF DYNAMIC"

""NOTE: THIS LISTING SHOULD BE USED IN CONJUNCTION WITH
"''THE ADVANCED CONTINUOUS SIMULATION LANGUAGE (ACSL) USER "

~**GUIDE/REFERENCE MANUAL. "--

END $"OF PROGRAM"

SUBROUTINE QUATNS (PSIRTHETARPHIRTAU91,TAU1,TAU2,TAU3)

C ""CALCULATES NORMALIZED QUATERNIONS "

SPSI = SIN (PSIR*0.5)
CPSI = COS(PSIR*0.S).

a'STHETA = SIN(THETAR*91.5)
CTHETA = COS(THETAR*91.5)
SPHI = SIN(PHIR*0.5)
CPHI = COS(PHIR*9.5)

C ""CALCULATE THE QUATERNIONS FROM THE EULER ANGLE TERMS ~
TAO=(PICHTJPS)(PISHT.PI

TAUl = (CPHI'CTHETA*CPSI)-*(SPHI'STHETA*SPSI)
TAU2 = (SPHICSTHETA'CPSI) -(CPHISCTHETA'SPSI)
TAU3 (CPHI*STHETA*CPSI)-*(SPHICSTHETA'SPSI)

C ""NORMALIZE INITIAL QUATERNIONS hI

TAUN = SQRT((TAU0'TAU91) (TAU1'TAU1). (TAU2'TAU2)
* (TAU3*TAU3))

TAUP = TAUP/TAUN
TA1=T.lTU

TAUl = TAU2/TAUN
TAU2 = TAU2/TAUN

RE TUR N

END



SUBROUTINE EVAL (XXXX,XXXRtES,MA)t

C "~'THIS SUBROUTINE IS CALLED FROM THE TRIMMING SUBROUTINE "

C TO GAIN ACCESS TO THE DERIVATIVE SECTION. ~~

DIMENSION XXXX(3) ,XXXRES (3)

C "'THE "$" CONTROL CHARACTER MAKES MAIN PROGRAM J."

C " VARIABLES AVAILABLE TO THIS SUBROUTINE. *~

INTEGER Iz.

THETAR = (XXXX(1))
ALPHAR = (XXXX(2))
ETAR9 = (XXXX(3))

CALL QUATNS (PSIR90,THETARPHIR0.TAU0.TAU1,TAU2,TAU3)

CALL ZZDERV(I) .4

XXXRES(l) = (DVT)
XXXRE(2) =(DALPHR)

XXXRES(3) = (QDOT) :.v*
RETURN .

END4 4

SUBROUTINE IMP(EF)

C "*'NOTIFIES FAILURE OF IMPLICIT ITERATION ROUTINE '~

IF (EF .EQ. 0.9) COTO 89
WRITE (6,99)

99 FORMAT (//27HIMPLICIT PROCEDURAL FAILED /

89 RETURN
END



FTSUBS.F '

SUBROUTINE CAECDI(PHIN,HNM,VN,IXX.IYY,IZZIXZMASS)
.% l% %

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.F'
INTEGER IJ

C ROUTINE FOR THE INPUT OF CONFICURATION AND
4.C FLIGHT CONDITION DATA.

OPEN (UNIT=1,FILE='FTSUD2.IN' .STATUS='OLD')
4 OPEN (UNIT=7,FILE'ETRA.VPP.,STATUS='OLD')

* C "'READ IN CONFIGURATION AND FLIGHT CONDITION DATA "

READ(1,*)TTOTTSA!.P.NHHN,DELHNV,VNDELVNPHI,PHIN
READ(1, ) DELPHI. NPL,PL0. DELPL. NRPM. RPM. DELRPM. WEGHT, NXCG. XCGP
READ(1,*)DELXCGZCG, (PEFF(I),I=1.7),XT *****

READ(1,*)ZT,XTHZTHTHSET,MAXEP,NBLAD,PDIA,WSETTPSETETAG ,

READ (1. ')ACMASSACIXX.ACIYY,ACIZZ,AC-IXZ.SWCW. BW, ST,CT
READ(1. ')CETAXPZP,CWP,BFW,BTAIL,CL.,CLAL,CD91,CDAL
READ(1. ')CMPCMAL,EPS0.EPSALQTOQA90.A1.A2,A3,B0
READ(1,')Bl,B2,B3,CDOT,CDLT,CMT0.CMQW.CLP.CLXI,KWING
READ(1,*)KFUSENPSFINPSFRMSFI,MPSFRCDBGTRBL0,WTRTAPERF
READ(1,)XWCZWC.SSXQARTC

READ(7,')(FPROP(I,1),FPROP(I,2).I=1,20)

ill READ(7,')(CYPROP(I,1),CYPROP(I,2),CYPROP(I,3).CYPROP(I,4).I=1.20)
READ(7,')((DELEPS(I,J),J=1.10),I=1,8)

MASS=ACM 
4%S.

IX.' *4 4.

IXZ=ACIXZ

HNM=HN

CLOSE (UNIT~l)
CLOSE (UNIT=7)No '*

RETURN

'4 END

SUBROUTINE PARINC (VECIN.CGPOSPLS)

C "SUBROUTINE TO ALLOW RUNTIME PARAMETER MODIFICATIONS

IMPLICIT REAL (A-Z) K-

DIMENSION VECIN(6)
INCLUDE 'FTPAR.F'



ALTO= VECIN (1) .

RPM= RPM+VECIN(2)

PLO =PLO .VECIN(4)4
PARS=PARS*VECIN (5)

* PAR6=PAR6*VECIN (6)

XCG=XCPCW/100. .XQARTC-CW/4.
CcPOS=XCCP
PLS=PL9

RETURN

END

SUBROUTINE TRAP(VT0,PHIR0.G.GA)OMARP0,Q0,R0.BETAR0
1 .ALPHRP, THE TRO, ETARO)

C "GIVES INITIAL APPROXIMATION FOR TRIM CONDITION ".

IMPLICIT REAL(A-Z)
INCLUDE 'FTPAR.F'

PI = 3.141593
ETA0 2.2 ~
KK =41.91A(XCCP/1P. -91.4) ~.-
QD =(.5'1.2256VTP*VTP)

4

Q53 =C/VTO'TAN (PHIRP) *SIN (PHIRP)
Ro =G/VTP*SIN(PHIRP)

AN = 1/COS(PHIRP)

BETARP = 0. 9

*ALPHAW = ACMASSG/(CLALAQD*SW)
ALPHRO = ALPHAW - WSET
CLWB =CLO + (CLAL*ALPHAW) + CLE *

CDWB = CDP + (CDALCLWB*2) *CDF

DRAG = CDWB *QD ASW

GAI4MAR =ASIN(-DRAO/(ACMASS*G))

THETRP = GAMMhAR - ALPHRO

ETAO = (ETAP0KKCLWB)PI/18P.
ETAR91 ETA91

RETURN

END

SUBROUTINE ATMOS (H,RO) ~. '5% *

* IMPLICIT REAL(A-Z) m



COMMON/ARGS2/HITE,DENS

HlITE=H

DENS=1.2256' (1-0.02256'HITE/1900.0) '*4.2561 4.
RO =DENS . -

RETURN

END 
I

SUBROUTINE AERO, (XA,YA. ZA.LA.MA. NA,VTALPHAR. BETAR 
.

1 .PP, QQ.RR. PHIR, THETAR. DALPHR)K C
C MODIFIED BY RODD PERRIN OCTOBER 1985
C

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.F'
DIMENSION X(20)

XDAL = DALPHR

X(V) = VTA
X (ALPHA) =ALPHAR

X()= QQ I
X(P) = PP ~
X(H) = HITE
X(PHI) =PHIR

* ~X(THETA) = THETAR , d

CALL ATMOS (HI TE,.RHO)

QD 5S*RHO*VT**2

CALL THRUST(X,TOPETP)
CALL PROPEL (X)
CALL FLAPS(X)
CALL WB(X)
CALL TAIL (X)
CDW=CDWB-CDB
CALL RESOLV (X (ALPHA),.CLWB. CDW. XP, ZP, CIWBF)

ALTE=ALPHAT -TPBN; CALL RESOLV(ALTFCLTCDT,XTZTCMTE)

CTIXWCTPROP*COS (ALTI) -CLPROP*SIN (ALTH)

CTHZW--CLPROP'COS (ALTH) -CTPROP'SIN (ALTH)

S CTHX=CTPROP'COS(THSET) -CLPROP*SIN(THSET)
CTHZ=-CLPROP'COS (THSET) -CTPROP*SIN (THSET)

ALTFS=X(ALPHA) -ALTF
CTXW=-CLT'SIN(ALTFS) -CDT*COS(ALTFS)
CTZW=-CLT*COS(ALTFS) +CDT'SIN(ALTFS)

CMTHF=CTHX (ZTH-ZCG) +CTHZ' (XTH-XCC) /
CLWBT=CLWB-ST' (CTZW)/SW

CALL RESOLV(X(ALPHA).P.P,CDBXP.ZTH.CMBF)
CMWBTHrCMW1, (CMWBF.CMTHF.CMBF) /CW

C *'' CALCULATE AERODYNAMIC FORCES '

'4'XA =QD- (:3WO (C'Il!XW CD~STICTXW)
YA =



4?.*(W(THWCLB)

MA =QD (SWa CTHZCW-CLWBT))TCTCMF)(WCWCQO
NA..

LAETURN

RETURN

END

SUBROUTINE PRNO (XPYP.Z,LP~L,NPV.APARBTA

ETA =P.QR.HI.HTR *444PA

RETURN

END ., ~

4. %4



FTSUBS2 .F

SUBROUTINE THRUST (X)
C !CALCULATES COMPONENTS OF PROPELLOR THRUST

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.F'
INTEGER I.J
DIMENSION X(29)

30090 FORMAT(' POWER TOO LOW') .

1001 FOMA( POWE TOO HIGH-) 
,.**

4 EP=PL*MAXEP
E TAPOq
TCC=0.0
TTHST=91.0
IE(RPM=0O)CO TO 1
IF(PL==0)GO TO 1

IF (X(V) >55.0)00 TO 5

POD2=SOS'EP/745.7/( (PDIA/0.3048)*"2)

PIND=3. 142*RPM*PDIA/0. 3048/601.0 
-

DO 3 J=1,6
DO 2 I=1,5

2 CALL INTERP(TOP(1.1),TOP(l. (J-l)*5+I+3),20,POD2,TOP(I,34),ERROR)
3 CALL INTERP(TOP(1,2),TOP(1,34),5,PINDTOP(J,

35),ERROR)

CALL INTERP(TOP(1.3),TOP(1,35),6,X(V),TDPERROR)

IF(TDP<0)GO TO 9
IF (TDP>191)CGO TO 10 *

TTHST=TDP*EP*4.4497/745.7
TCC=TTHST/(2.0'QD*PDIA**2)
ETAP=TTHST*X(V) /EP
RETURN

5 SOSCP=S0S*EP/DENS ( (RPM/60) i*3) /( (PDIA) '5)
IF(SOSCP<0.025)GO T

MACH=X (V) /340.29
PINDOA=3. 142 'RPM'PDIA/60. 0/3401.29 

.

DO 8 J=1,5
DO 7 I=1,11

7 CALL INTERP(ETP(1,1),ETP(1,(J-1)*11+I3),21,S0$SCPETP(I,
5 9 )

1 .ERROR)
8 CALL INTERP(ETP(1,2) ,ETP(1,59) ,11,PINDOAETP(J,6P) ,ERROR)

CALL INTERP(ETP(1,3),ETP(1,60L:5,MACHETAPERROR)

IF(ETAP>1.0)CO TO 9
* IF(ETAP<95.0)GO TO 11

1 TTHST=ETAP6EP/X (V)
TCC=TTHST/ (2 .53QD*PDIA' '2)
RETURN

9 IF(RPM<600)CO TO 12
RPM=RPM- 20
GO TO 4

12 TTHST=-1.0
* TYPE 19;39

RETURN
101 IF(RPM>2609;)GO TO 13

7z



RPM=RPM. 200 .
GO TO 4

13 ETAP=-1.01
TYPE 10101
RE TURN

11 IF(RPM<6001)GO TO 14
S RPM=RPM- 200

GO TO 4
14 TCC=-1.o

TYPE 19011~~ 1

RETURN
END

SUBROUTINE WB(X)
C !CALCULATES WING-BODY AERODYNAMICS

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.E'
DIMENSION X(291)

CLWB=CL0. (CLAL*ALPHAW) .CLE
CDWB=CD0. (CDAL* (CLWB**2) ) .CDF
CMWB=CMP+ (CMAL*ALPHAW) .CME

CLSSOq
CMSS0q
QSOQIN=TCC*8 .0/3.142
TEMP=DUWDAL

CALL SLIPST(X,2)
IF(ZSS>(PDIA/2.91))C-O TO 2
BWP=2'SQRT((PDIA/2.1) **2-.ZSS**2) -BFW/2 60

CMSS(CM+CM±BCW.QSBWPQSOQ/CW/SW

DELAW=- (DPEDALIALTH) / (1TEMP)
A L=BWP/CWP
SIL=BWP*CWP
BL=0.98

IF (ARL>19.p)BLOq.0
K2=3.05 (AIL-1.01) .BL* (191.0-ARL) *AIL
K3=1.96*SQRT(TCC)
K4=(K2+3.q)*'0.1'K3
K1=0 . 2'K4.1.181-0. 489'SQRT (TCC.0. 1)
CLSS=K1'SIL' ((1+QSOQIN) 'CLAL'DELAW.QSOQIN'CLWB)/SW

2 CLWB=CLWB.CLSS *

CMWB=CMWB#CMSS -

CDWB=CDWB' (1 .91CLSS/CLWB)

XZSS (18) ZWC
XZSS (19)=ZT
XZSS (20) =PDIA

RETURN
END

SUBROUTINE TAIL(X)
C !CALCULATES TAIL CONTRIBUTION

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.F'

* DIMENSION X(20)

CALL DWAS14(X)



CALL BEND(X)

CALL SLIPST(X,3)
IF(ZHEFE'>(PDIA/2.01))GO TO 1.
SHI=2'CT'SQRT((PDIA/2.0) '2-ZHEF"62)
Kl=4.08*SHI/ST
K2=K1'(TCC.0.575) -0.3
K3=0.202-0.03*ZHEFF/(PDIA/2.0)-0.0754' ((ZHEEF/(PDIA/2.0))*"2)
DELQT=K2'K3-9.1
IE (TCC<9f.1)DELQT~p.p
CO TO 2

1 DELQT0o
2 RT=QTOQ.DELQT

RT1=RT-1
IF (PEFE (5) ==) RT=1 .0

ALPHAQ=(XT-XCC)'X (Q)/ (X (V) 'SQRT (RT))
ALPHAT=X (ALPHA) -TPB-EPS-ALPHiAQ
CLT=RT' (A0+A1'ALPHAT) +A2'ETA*A3*BETA
CHiRT (BO+Bl*ALPIAT) *B2*ETA.B3'BETA ' *.

IF (PEFF (6)==q) RT1=0 .0 .

CLT=CLT.RT1' (A2*ETA.A3*BETA)
CH=CH.RT1' (B2*ETA+B3*BETA)
CDT=CDOT.CDLTCLT**2

CLTTH=CLT-RT*(A24ETA+A3*BETA)
CDTTH=CDOT+CDLT*CLTTH**2

CMT=CMTO
PETA=QD 'CETA*CH*ETAC

XZSS(22)=CT

RETURN
7 END

SUBROUTINE RESOLV(ALCL1,CD1,Xl,ZlCMI)
C ITRANSLATES FORCES TO THE CC

IMPLICIT REAL (A-Z)
INCLUDE EFTPAR.F'

CM1=-(CD1'COS (AL) -CLI'SIN (AL))' (Z1-ZCC)
I. - (CL1*COS (AL) .CD1'SIN (AL))' (X1-XCC)

RETURN
END

SUBROUTINE DWASH (X)
C !CALCULATES DOWTNWASH AND TOTAL HEAD AT THE TAIL
C !AND ALSO INDUCED INCIDENCE AT THlE TAIL DUE TO PITCHING

IMPLICIT REAL(A-Z)
INTEGER I
INCLUDE 'FTPAR.F'
DIMENSION X(295)

LH=XT-XWC
HH=(XT-XWC) 'TAN(WSET) .ZWC-ZT d
KHP(l-HH/DW)/((2.0'LH/BW)''0.33)



EPSAL=4.44' ((KA*KLAM*KH)**1.lg)

EPS=57. 3'(EPS0.EPSAL' (ALPHAW-XDAL' (XT-XCG) /X (V)))

IF(PEFF(4)=09)CO TO 1
DO 2 I=1,8 ~

2 CALL INTERP(DELEPS(l.1),DELEPS(1,I.2),8,EPSDELEPS(I,11),ERROR)
CALL INTERP(DELEPS(1,2) .DELEPS(1,11) .8,TCC,DEPERROR) lA

ZHT=ZTH. (XT-XTH) 'TAN (THSET) -ZT
KFAC=0.85-0. 25*ABS (ZHT) /PDIA
DEPS=KFAC*DEP
EPS=EPS+DEPS

1EPS=EPSF. (EPS) /57.3
QTOQ=QTOQ
ALPHAQ= (XT-XCG)'X (Q) /X (V)

XZSS (21) =CW

RETURN
END

SUBROUTINE BEND (X) *
C !CALCULATES TAILPLANE ANGLE DUE TO FUSELAGE BENDING

IMPLICIT REAL (A-Z)
INCLUDE 'FTPAR.F'
DIMENSION X(20)

LT=QD'QTOQ'ST&CLT
TPB=KFUSE*LT+TPSET

RETURN
END% .

SUBROUTINE TORSON (X)
C !CALCULATES EFFECTIVE WING INCIDENCE

IMPLICIT REAL (A-Z) .*-.,

INCLUDE 'FTPAR.F'
DIMENSION X(20)

LW=QDASW*CLWB
ALPHAW=X (ALPHA) .WSET-KWING*LW

RETURN
END

SUBROUTINE PROPEL (X)

C ?CALCULATES PROPELLER FORCES

IMPLICIT REAL(A-Z)
INCLUDE 'FTPAR.F'
DIMENSION X(29)
INTEGER IB
CALL TORSON(X)
CALL SLIPST (X, 1)
ALTH=THSET-X (ALPHA) .DUWDAL'ALPHAW
IF(RPM==P)GO TO 1

DPEDAL=9



CLPROP0o
IF(PEFF(1)==0)CO TO 3 .6I IB=IFIX (NBLAD)
CALL INTERP(CYPROP(l.1) .CYPROP(1,IB) ,20,BLO.,CYPSI9O.ERROR)

CALL INTERP(FPROP(l.1),FPROP(1,2),290,TCC,FPR,ERROR)
CLPROP=3.142 *PDIA* 2 'CYPSI01FPR*ALTH/SW/4 .0
Cl=SQRT((SQRT(S50.6hTCC.28.623)-5.35)/2S.3)
C2=0. 27EXP (-0. 127*TCC) * -
DPEDAL=C14C2*CYPSIs3

3 CTPROP=2*TCC*PDIA**2/SW

GO TO 2
%1 DPEDAL0g

CLPROP=9
CTPROP=o

2 CONTINUE

:Z:S(17)=ZTH

END

SUBROUTINE INTERP(XLIST,YLIST,N,X,YERROR)
C USED FOR INTERPOLATING INTO A ONE DIMENSIONAL ARRAY
C X: INDEPENDENT VARIABLE
C XLIST: LIST OF INDEPENDENT VARIABLE BREAK POINTS IN
C ASCENDING ORDER
C YLIST: LIST OF DEPENDENT VARIABLE BREAK POINTS
C N: NUMBER OF BREAK POINTS

*C Y:INTERPOLATED VALUE OF DEPENDENT VARIABLE
C ERROR: .TRUE. IF EXTRAPOLARION WAS NEEDED
C

DIMENSION XLIST(100),YLIST(l00)
IF(X.GE.XLIST(1))CO TO 5
ERROR=.TRUE.

GO TO 20
5 IF(X.LE.XLIST(N))CO TO 7

ERROR=.TRUE.

GO TO 20
7 ERROR.FALSE.

DO 10 I=1,N-1
IF(X.CE.XLIST(I).AND.X.LE.XLIST(I.1))CO TO 201

*19) CONTINUE
I=N-1

290 J1I
XLB=XLIST(J)
XUB=XLIST (J+1)
wRX=XUB-XLB

Wl= (XUB-X) /RX %.
W2=(X-XLB) /RX
Y=W1'YLIST (J) .W2*YLIST (J.1) *

RETURN *

END

0"4 SUBROUTINE SLIPST(X,I)

wC !CALCULATES LOCUS OF PROPELLER SLIPSTREAM4

IMPLICIT REAL(A-Z)
INCLUDE 'FTPAR.F'



Al-

DIMENSION X(291)
INTEGER I

GO TOS (191 =291,3) 'Cu

DUWDAL9. 28/(W-T)C

ALUW=X(ALPHA) .DUWDAL'ALPHAW
IF (PEFF (7)) 12,12, 11

11 ALUW-X (ALPHA) .DUWDAL' (CLWB/CLAL)
12 XZSS (2) ABS (XZSS (3)) 'TAN (ALUW) +ZTH ,~'

XZSS (4)=ZTH %

RETURN

29 XZSS (5) =XZSS (3) /2
ALUW=ALUW- DPEDAL 'ALTH
XZSS (6)=-ABS (XZSS (5)) 'TAN (ALUJW) .XZSS (4)
DUWDAL=3. 28/ (XWC- (XTH/2) )/CW
IF (PEFF (7)) 21,21,22

21 ALUW-ALUW+DUWDAL 'ALPHAW
CO TO 23

22 ALUW-ALUW. DUWDAL' (CLWB/CLAL)
61,23 XZSS (7) =XWC
prXZSS (8) =-ABS (XZSS (5) -XZSS (7)) 'TAN (ALUW) .XZSS (6)
P ZSS=ABS (ZWC-XZSS (8)) -

ALUW=-WSET
XZSS (9)=XWC+.0.7S*CW

* - XZSS(10)=-0.75'CW'TAN(ALUW) 'XZSS(8) +ZFLAP

RETURN

30 KA=CW/BW-1/(1+ (BW/CW)*"1.7)
KLAM=(1.0. 0- 3.-'WTR) /7. 9
WTE=XWC.75*CW

XZSS (11) =WTE, (XT-WTE) /2
LH=X ZSS 111) -XWC
HH=(XZSS (11)-XWC) 'TAN (WSET) .ZWC-XZSS (10)
1 - (XZSS (11) -WTE) 'TAN (ALPHAW)
KH=(1-HH/BW)/((2*LH/BW)*"0.33) - -

DDWDAL=4.44'((KA'KLAM'KH) "1.19)
XZSS(12)=-ABS(XZSS(11) -WTE) 'TAN (X (ALPHA) -(DDWDAL'ALPHAW) -EPSF)
1 +XZSS(19)

S XZSS (13)=XT
LH=XT-XWC
HI= (XT-XWC) 'TAN (WSET) .ZWC-XZSS (12)

1 - (XT-XZSS (11)) 'TAN (ALUW)
KH=(1-HH/BW)/((2*LH/BW)*69.33)
DDWDAL=4.44' ((KA'KLA'KH) ''1.19)
XZSS(14)=-ABS(XT-XZSS(11)) 'TAN (X (ALPHA) -(DDWDAL'ALPHAW) -EPSF)

1 *XZSS(12) -

ZHEFF=ABS (ZT-XZSS (14))

XZSS(15)=XT+(XT-WTE)/2

HM'ZS15-W)TAN(WSET) .ZWC 1~I-XZSS(14)-(XZSS(1S)-XT)'TAN(ALUW)



DDD44.4(K..A*H~o~g

XZ-,(16=-AB(XZS(15-XTITA(X(APHA-(DDDALALPHW)-PS'
1 +XZSS(14

RETURN

END.

SUBROUTINE4 FLPSX

DDWDLCUA4.4 ((KA'KLAM'KH)FA F1.19 A IGE LTE
C ZS(6 IF ABS (XZSSD (15 TH T) Al ETN (X (ALHA DE ANDDAAPHW 4ESF DE

SUBRUTIN FLAS(X

C ICACULATESCL ,DEP9FLFO.3SNLESOTE

91 CLF=1.1
CMF0.2820

,'CDF9.912

ZFLAP=0.0*W0.3

IF (PEFF (7) -1S)15570

ZFLAP=0. 2*CW' 6

CRETO15
10 ELND1
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FTPAR. F

'.', . 1 ,

PARAMETER (V=1,ALPHA=2,Q=3,P=4, H=5,PHI=6,THETA=7)

INTEGER V,ALPHA,Q,P,H,PHI,THETA
COMMON/ARGS/ACMASSACIXXACIYYACIZZACIXZ,SWCWBWWSET
1 STCTCETA, TPSET, ETAG,XPZPXT, ZTXQARTC
1 ,XTHZTHZSSXCGXCGPZCGA91,AlA2.A3,B91,BlB2,B3
2 ,CLOCDO,CMPCLAL,CDALCMALMAXEPTHSETALTH
3 ,DUWDAL,ALUW,EPS.,EPSAL,QTOQKFUSEKWINGCDOT,CDLT,CMT0
4 ,CMQW,CLP,CLXITSAMP.VOPHIO
5 ,PW,QWRW,CTHXCTHZ,CLWBCDWBCMWB,CLWBT

6 ,ALPHAW, TPB,ALPHAQ, EPS, DPEDAL.ALPHATCLT, CDTCMT. CH
7 ETAO, ETA, PETA, BETA, XI
8 , TTHST, CTHXW, CTHZW, CMWBF ,CMTF, CLTTH, CDTTH, CMWBTH, CMTTH
9 ,NPSFI,NPSERMPSFI,MPSFR,CDB,GTRQD,RHOXDVXDAL
1 ,NBLAD,PDIA,RPM,CWP,BEW,CLPROP.CTPROP,ETAP,TCCPCP
2 ,WTRTAPERF, BTAILDTAILBLP, SPS,DEPSCLF,CMFCDF,EPSF
3 ,XFLAPZFLAP.DELEPS(8,11),FPROP(29,2),CYPROP(2.4) ,PEFF(7)
4 ,XZSS(24),XWC,ZWCZHEFF,RTLTPLPL,TOP(20,35).ETP(21,69)

COMMON/ARGS2/HI TE, DENS

,.., 
' .

LOGICAL ERROR .

... . ..:- :

% 'p

% -,

6.-..

". ~'.. '.*'

".' 
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APENIX 3.MUSETIUP PROGRAM.H LIST IS REDTNCROHOO FL

C SIMULTIN DISPLAMTH DTA ISU READG WINH VRMBL NAUDFIE
C I HANGS CA BE ADEBY APPLYING THE COMMANDS INDICATED

AIMND THON AIPAE ON9 A (54)OGWIHVRIBE AE

DOUBLE PRECISION A1(40),B1(54)

DATA Al/'TTOT','TSAMP'..'NH','HN'.'DELH'..'NV','VN','DELV',
1 'NPHI'.'PHIN'..'DELPHI','NPL','PLN','DELPL'..'NRPM',
1 'RPMN'.'DELRPM'.WEIGHT,'2NXCG',2XCG %. 'DELXCG.,
1 'ZCG'.'PEFE(1)','PEFF(2)','PEFF(3)','PEFF(4)','PEFF(5)',
1 'PEFF(6)',.PEFF(7)','XT','ZT','XTH','ZTH','THSET',
1 'MAXEP'2NBLAD','PDIA','WSET','TPSET,.'ETAG'/

-' ~DATA Bl/'MASS','IXX','IYY','IZZ','IXZ','S''W
1 .'BW'.'ST','CT@,'CETA',IXPI,'ZPt,'CWP1
1 .'BFW','BTAIL','CLP',.'CLAL'.ICD919,'CDA.L','CMOt
1 .'CMAL','EPSP','EPSAL','QTOQl.'A9$l.'All.'A2l.'A3'.'Bp','Bll
I .B2','B3','CD91T','CDLT#,'CMT91'.'CMQW',ICLP','CLXI','KWING'

1 'WTR',2TAPERF','XWC'..'ZWC','SOS','XQARTC'/

1PE .'KUSE'.NPFILE='NPSUR'.O'MPSI'.'SF'L'CD.GR''L

OPEN (UNIT=1.FILE='FTSUD2 .OUT' ,STATUS=OLD')

C !PRIMARY DATA READ IN,STORED IN ARRAY A
* . READ(1,*) (A(l),I=1..10)

READ (1, ) (A(I) ,I =1 1,20)
READ(1*) (A(I),I=21,3qf)
READ(1,') (A(I) .1=31,4q)

C ISECONDARY DATA READ IN,STORED IN ARRAY B

READ (1, *) (B (I) , I=1,209)
READ(1,*) (B(I),I11,20)

READ(1,*)(B(I),I=1.S)

READ(1.') (B(I),I=51,S4)

C IFLAG SETTING - 0. FOR ARRAY A .1.0 FOR B

FLAG-0.q

* C IDISPLAY ON VDU HEADINGS,THEN NAMES AND VARIABLE VALUES -

*1502 PRINT loo
PRINT 101
PRINT 102

IF(FLAC==1.9) GO TO 1700

DO 1000 I=1,295

PRINT 103.1,Al (I) A(1) .J,A (J) ,A(J)
1000 CONTINUE



1509 CONTINUE

1594 PRINT 104
1590 ACCEPT *,I.F

IF (FLA==1.0) CO TO 189 .-
A (I)=F
GO TO 1801

1800 B(I)=F
1801 CONTINUE

IF(I .NE. 0) GO TO 1500-
1501 PRINT 105

ACCEPT *,I
GO TO (1502,169,1503) 12 ,. ,.

1503 FLAG=1."

GO TO 1502

1790 DO 1001 I=1,27
J=I+27
PRINT 113, I,B1(I).B(I),J,B1(J),B(J)

1001 CONTINUE
GO TO 1504

I PRIMARY DATA WRITTEN OUT FROM A'RRAY A
1600 WRITE(2,') (A(I),I=1,10)

WRITE(2-,) (A() ,=.20) I=11,.2
WRITE(2,') (A(I) I=21,3.")
WRITE (2,*) (A(I) ,I=31,49)

1 SECONDARY DATA WRITTEN OUT FROM ARRAY B
WRITE(2,*) (B(I),I=1 10)
WRITE (2,*) (B(I), I=11,20) .,..; ..,

WRITE(2,') (B(I),I=21,3)0)
-" WRITE(2, ) (B(1),I=31,40)

"" ~~~WRITE (2, *) (S(I), I=41,5.0).".-.''.

WRITE(2,*) (B(I),I=51,54) O

10 FORMAT(/,/,g9X.' **** FTSIM SETUP DATA-TO CHANCE TYPE I.F' -, 
-
.

101 FORMAT(/,17X,' - TERMINATE CHANCES WITH 9,9 - ).
102 FORMAT(/.2(' #(I)'.X,'QUANTITY'.7X.'VALUE(F)'.4X ))

S103 FORMAT(2(IX,12,3X,A19,Fl4.7,2X))
2 104 FORMAT(/, TO CHANGE VALUE TYPE I,NEW F .)

105 FORMAT(/,' TYPE -1,0,1 TO REVIEWTERMINATE OR VIEW REMAINING'
1,' DATA "

" rCLOSE (UNIT=1)
CLOSE (UNIT=2)

END

N'.< -'-

°. "..,

,.4 4. .%" ,'
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:FTCHOO-

FTSIM SETUP DATA-TO CHANCE TYPE I.EF**-

#(I) QUANTITY VALUE(F) *(I) QUANTITY VALUE(F)

-'1 TTOT .000000 21 DELXCC .11359160
2 TSAMP .100000019 22 ZCG .0591009
3 NH 1.000000019 23 PEFF(l) 1 .0000000
4 HN 1.0000900 24 PEFF(2) 1.005000
5 DELH .09009000 25 PEFF(3) 1.00000
6 NV 21.001900090 26 PEEE(4) 1.0000000
7 VN 690.00900000 27 PEFF(5) 1.00091900
8 DELV 3.0000900 28 PEFP(6) 1.09090 ~
9 NPHI 1.0000000 29 PEE'E(7) .90910000

10 PHIN .00000900 301 XT 3 .0090000
11 DELPHI 1090.00000090 31 ZT - .5500000
12 NPL .9009$91 32 XTH -3.66900001
13 PLN .900000 33 ZTH .000000
14 DELPL .9000000 34 THSET .000
is 1 NRPJ4 1.0000 35 MAXEP 1-55000.000000 .

16 RPMN 2600.0000000 36 NBLAD 3 .000000
17 DELRPM .0900000 37 PDIA1.000
18 WEIGHT 1250-90900000 38 WSET .0175000 91~-
19 NXCC 3 .0000000 39 TPSET - .03690909
2.0 XCC 25..0988597 4.0 ETAC .100010,0109

TO CHANCE VALUE TYPE I,NEW F

7 101

TYPE -1,01,1 TO REVIEW,TERMINATE OR VIEW REMAINING DATA

~'FTSIM SETUP DATA-TO CHANCE TYPE I.E "

-TERMINATE CHANCES WITH 00-C' ''

#(I) QUANTITY VALUE(F) #$(I) QUANTITY VALUE(F)
1 TTOT .0000000 21 DELXCC .11350690
2 TSAMP .109500050 22 ZCG .05910001
3 NH 1 .0000000 23 PEFF (1) 1 .0000000
4 HN .900000 24 PEEP (2) 1 *00P000

*5 D EIt .909000 25 PEFF(3) 1.0905090
6 NV 21.900P0000 26 PEFF(4) 1.00000pEWA
7 VN 1010.9000000 27 PEFF (5) 1.0000000
8 DELV 3.900000.0 28 PEFF(6) 1.0900000
9 NPHI 1 0000 29 PEEP (7) .000

10 PHIN .9000000 30 XT 3.000
11 DELPHI 100000 31 ZT -. 500
12 NPL .PP00000 32 XTH -3.66P9001
13 PLN .90000000 33 ZTH .000
14 DELPL PPOP 34 THSET .000
15 NRPM 1.0000009 35 MAXEP 150.000
16 RPMN 26090.0090900 36 NBLAD 3.0000000.'
17 DELRPM .0009000 37 PDIA 1.9000000
18 WEIGHT 1250.000000 38 WSET .0175000
19 NXCG 3 .0000000 39 TPSET -.05036000 a*- Ad
290 XCC % 25.01988597 490 ETAC 0000



I',.% ",$" """"

TO CHANGE VALUE TYPE I,NEW F
00 ,.:...

TYPE -1,0,1 TO REVIEW,TERMINATE OR VIEW REMAINING DATA

""* FTSIM SETUP DATA-TO CHANGE TYPE I," '-

- TERMINATE CHANGES WITH 00 "-

*(I) QUANTITY VALUE(F) *(I) QUANTITY VALUE(E) "
1 MASS 1250.99 9 0 28 A2 2.20,0000
2 IXX 1355.0 000 29 A3 .00000- "
3 IYY 2466. 90000 30 B9 .0000000 ..
4 Izz 366.000000 31 Bl .000000.
s IXZ .9000009 32 B2 - .42009915
6 SW 15.00009009 33 B3 - .12090090
7 CW 1.579911 34 CD;3T .0009109 9'
8 Bw 10.900999 35 CDLT .00.090090
9 ST 2.72000 36 CMT0 0000 .\ 4

10 CT .8700000 37 CMQW .00 0 ..,..
11 CETA .3375000 38 CLP -. 40150 0 0
12 XP -1.2660000 39 CLXI -.36900091
13 ZP .2690000019 401 KWING .00
14 CWP, 2.000000 41 KFUSE .0000000
15 BEW .8100000 42 NPSFI .91, ...
16 BTAIL 3.1099999 43 NPSFR .0-0-000
17 CL91 .2256100 44 MPSFI .000900
18 CLAL 4.0700002 45 MPSER .0000000 - "
19 CDP .0380090 46 CDB .0125000 i
20 CDAL .065000 47 GTR 1.0000
21 CM0 - .0250001 48 BLO 25.0000"00
22 CMAL .0$0 49 WTR .449-0.5.9-
23 EPS91 .0009000 50 TAPERE .500P-'
24 EPSAL .4000000 51 XWC -1.20000 0
25 QTOQ 1.00000 52 ZWC .2600000
26 AO .00000 53 SpS 1.5000000 ,
27 Al 3.160000591 54 XQARTC -1. 200000

TO CHANGE VALUE TYPE I,NEW F
009

TYPE -1,0,1 TO REVIEWTERMINATE OR VIEW REMAINING DATA

. .a- 4

. . .' .

"J , .-. d.-
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e



N APPENDIX 4. EXAMPLE OF TIME HISTORIES ANALYSIS

""ACSL. COMMIAND FILE TO PERFORM TIME HISTORY ANALYSIS. "

"'APPLICATION: LONGITUDINAL STABILITY STUDY OF A LIGHT .4
""AIRCRAFT INFLUENCED BY POWER EFFECTS.

S PRN9.TCWPRN72,RRR=21

"''TIME HISTORY ANALYSIS OF THE SHORT PERIOD RESPONSE '"___

"~*OF A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT. '

S TSTP=5.0,NSTP=1,CINT=.015
S CALPLT=.F..PRNPLT=.F.,STRPLT=.T.,GRDSPL=.T.
OUTPUT VEK,ALPHAD,Q,ALT,ETAD,GAMMADTHETADTIME,AN. 'NCIOUT'=10
PREPAR TIMEVEK,ALPHAD,QETAD.ALTGAMMAD. THETAD.AN

S DPL1l.4
S THRMAX .0. TSTART=0 .0. TPULSE=TSTP. TREPET=2001.
S ETAMAX=-5.0.ESTART=0.01,EPULSE=.5,EREPET29.

S TSTOP=TSTP. DXCGP=7.22968
S DALT=10000. ~V

START 4 -
D CCPOSPLS
S CMD=DIS Ja a.

S RRR=21

*S TITLE=' LIGHT AIRCRAFT -SHORT PERIOD MODE.
RANGE ETAD
S CMD=DIS '
PLOT ETAD,'XHI'=TSTP,'HI'=HIl,'LO'=LO1,'XTAG'='(SEC)','TAC,'='(DEG)' '

S TITLE='
RANGE ALPEAD. Q
S CMD=DIS
PLOT ALPHAD,'HI'=HI1..'LO'=LOl,'TAG'='(DEG)' . a' i

.Q,'HI'=HI2,'LO'=L02,'TAG'='(RAD/SEC)'

RANGE AN,*VEK
S CMDDIS
PLOT AN. 'HI 'H1. LO'=L01.'TAG'=' ( G )l' ... *d

,VEK, 'HI'=H12, 'LO'=L02. 'TAG'=' (KTS)'

S TITLE=' LIGHT AIRCRAFT - SHORT PERIOD MODE.
RANGE GAMMAD, THETAD
S CMD=DIS
PLOT GAMe4AD,'HI'=HI1,'Lo'=LO1,'TAG'='(DEG)'

,THETAD,'HI'=HI2,'LO'=LO2,'TAG'='(DEG)'

S CMD=DIS



'-, -. "r. 7. 7 . .. - .Z x

SDOFAP.L. 4 ," -j-

'** TIME HISTORY ANALYSIS OF THE SHORT PERIOD RESPONSE '. -
'**h OF A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT. '.

S TSTP=S.0,NSTP=1,CINT=.05
S CALPLT=.F.,PRNPLT=.F.,STRPLT=.T.,CRDSPL=.T. -
OUTPUT VEK,ALPHAD,Q,ALT,ETAD,GAMMADTHETADTIME.AN, 'NCIOUT'=19
PREPAR TIME, VEK,ALPHAD. Q, ETADALT, GAMMAD, THETAD.AN

S DPL=1.
S THRMAX=0.0, TSTART=.0, TPULSE=TSTP, TREPET=200.
S ETAMAX=-5.9,ESTART=9.9•l.EPULSE=.5,EREPET=290.

S TSTOP=TSTP,DXCGP=7. 22968
S DALTO=10999. .. -

START
VJEK 99.9999059 ALPHAD 2.36149201 Q 0.
ALT 19009.0099 ETAD 0.80967985 GAMMAD 2.13950999

THETAD 4.49191191 TIME 9. AN 9.99695606

VEK 99.7383439 ALPHAD 8.98575899 Q 0.40193779
ALT 10094.2341 ETAD-4.19923639 GAMMAD 3.59332151

THETAD 11.6790795 TIME 0.5990091 AN 1.84753308

VEK 98.4150283 ALPHAD 7.82569635 Q-9.09434133
ALT 19914.5120 ETAD 0.80 67985 GAMMAD 8.39623514 ...

THETAD 16.2218415 TIME 1.9009000 AN 1.79189178

V', 97.0984799 ALPHAD 4.13979811 Q-9.95634470 ". '.
ALT 10039.8854 ETAD 9. 89967985 GAMMAD 10.7648666

THETAD 14.9046647 TIME 1.5090099 AN 1.19691563

VEK 95.7332492 ALPHAD 2.69163229 Q-0.02671967
ALT 10949.9153 ETAD 9.80067985 CAMMAD 11.1998773

THETAD 13.7025995 TIME 2.000909090 AN 0.94981921 .. ,,

VEK 94.5503649 ALPHAD 2.43318653 Q-9.00849723 . -.'
ALT 19066.8256 ETAD 0.8967985 CAMMAD 10.8983203 9-''

THETAD 13.2415065 TIME 2.5009000 AN 9.99641519

VEK 93.4366668 ALPHAD 2.62361519 Q-9.00441559
ALT 10983.8828 ETAD 0.89967985 GAMMAD, 10.4554629 -'V

THETAD 13.0790781 TIME 3.09000 AN 9.91313888

VEK 92.3810440 ALPHAD 2.89481571 Q-0.95086753
ALT 19100.2189 ETAD 0.8067985 CAMMAD 10.1325532

THETAD 12.9373689 TIME 3.5000PP00 AN 0.918P9176

VEK 91.4306631 ALPHAD 2.92349396 Q-0.09661579
ALT 10115.8837 ETAD 9.80967985 CAMMAD 9.81900547

THETAD 12.7424994 TIME 4.00P0p00 AN 0.92266517 ,..,*

VEK 90.6550760 ALPHAD 3.04215094 Q-0.9063P872
ALT 19130.9422 ETAD 0.80067985 GAMMAD 9 52346617

THETAD 12.5656171 TIME 4.5g0PP000 AN 0 92371201

VEK 89.9398754 ALPHAD 3.13963864 Q-0.00790029
ALT 19145.4264 ETAD 0.80067985 CAMMAD 9.22406554 .-. -.

THETAD 12-3637042 TIME 5.0 0 AN 0.92242613 a

-,.. .' .o-



D CGPOSPLS
CGPOS 32.3285397 PLS 1.0009

S CMD=DIS
S CMD=1.0

.i-.S RRR=21

S TITLE=' LIGHT AIRCRAFT - SHORT PERIOD MODE. *

RANGE ETAD
ETAD-4.19923639 0.80067985

S CMD=DIS
S HI1=2.,L01=-6.
S CMD10g
PLOT ETAD.'XHI'=TSTP2HI'H1.'LO'=LO1,'XTA'=(SEC)','TAG'='(DEC)I

S TITLE='
RANCE ALPHADQ

ALPHAD 2.361403291 9.38391014
Q-;0.05862956 .0.401193779

S CMD=DIS *

S HI1=14..L01=-2. .HI2=.6,L02=-.2
S CMfl191
PLOT ALPHAD. 'HI'=HI1. 'LO'=LOl. TAG'='(DEG)' ...

Q, 'HI'=HI2, 'LO'=LO2,'TAC'='(RAD/SEC)'a

RANGE ANVEK
AN 0.90631505 2.08298743
VEK 89.8613617 1091.00728

S CMD=DIS
S HI112.5,L1=5,HI2=1q5.,.1.2=85.
S CMD1~ 4
PLOT AN,'HI'=HI1,'LO'=L01,'TAG'=&( G )' ... ~..

,VEK. 'HI'=HI2. 'LO'=L02. 'TAC'= (KTS)' .%

S TITLE=' LIGHT AIRCRAFT - SHORT PERIOD MODE. %%*%

RANCE GAMADTHETAD
GAMMAD 2.099020455 11.1164848 * * *

THETAD 4.49191191 16.2218415
S CMD=DIS .- '

S HI1112..L01=2. .H12=20..L020q.
S CMD1lo
PLOT GA! IAD,'HI'=H1.'LO'=Lo1.'TAG'=' (DEG)'

,THETAD, 'HI'=HI2. 'LO'=LO2.'TAG'=' (DEG) *''~'

S CMD=DIS

STOP - .-

no!"

6%P.IN
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SDOFAP .SETUP

ACSL. COMM~AND FILE TO PERFORM TIE ISOR ANALYSIS. f.

APPLICATION: LONGITUDINAL STABILITY STUDY OF A LIGHT '

AIRCRAFT INFLUENCED BY POWER EFFECTS.

S PRN=g. TCWPRN=72,*RRR=21 fft.ff

"''TIME HISTORY ANALYSIS OF THE PHiJOOID RESPONSE OF i"'t
SA LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT.

S TSTP=12p.q0.NSTP=1. CINT= .05
S CALPLT=.T. .PRNPLT=.F. .STRPLT=.F.,GRDCPL=.T.
OUTPUT VEK.ALPHAD,Q,ALTETAD,GAMMAD.THETADTIKE,AN. 'NCIOUT'=249
PREPAR TIMEVEK,ALPHADQ,ETADALTGAMMADTHETADAN -

S DPL=91.
S THRMAX=.0. TSTART=0 .0.TPULSE=TSTP, TREPET=2001.
S ETAMAX=1 .0. ESTART=0.01,.EPULSE5S.,.EREPET=200. ~. t.I

S TSTOP=TSTP. DXCGP=7.22968 r-f
S DALT9=1990. t.--f

START
D CCPOSPLS
S CMD=DIS

S RRR=21

TITLE=' LIGHT AIRCRAFT -PHUGOID MODE.-.f'
RANGE ETAD 'f.

S CMD=DIS
PLOT ETAD.IHII=TSTPHI*=HIl,LOLO,XTAG'='(SEC)2,TAG'=(DE)I

S TITLE=' -t.

RANGE ALPHADQAN
S CMDDIS
PLOT ALPHAD,'Hl'=HI12'LO'=LO1,'TAC'=&(DEG)',Q.'HI'=HI2,'LO'=LO2 ...

.'TAG'='(RAD/SEC)',AN'HI'HI3,'LO'=LO3,'TAG'=( G )

RANGE VEK. GAMKAD. THE TJAD
* S CMDDIS

PLOT VEK,'HI'=HI1,'LOLO1,'TAC''(KTS)'.GAMVAD,'HI'=HI2.'LO'=L2..
'TAG'=(DEG) ',THETAD. 'HI'=HI3. 'LO'=L03. 'TAG'=' (DEG) '

S CMD=DIS

qqw r
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IV

'i" TIME HISTORY ANALYSIS OF THE PHUGOID RESPONSE OF "'' *' -
"* A LIGHT AIRCRAFT TO AN ELEVATOR PULSE INPUT.

S TSTP=12,0.0,NSTP=1,CINT=. 05
S CALPLT=.T.,PRNPLT=.F.,STRPLT=.F.,GRDCPL=.T. -

v OUTPUT VEK,ALPHAD,Q,ALT,ETADGAMMADTHETAD,TIME,AN, 'NCIOUT'240- .
PREPAR TIMEVEK,ALPHADQ, ETADALT, GAMMAD, THETADAN

S DPL=q.
S THRMAX=0.0 ,TSTART=.. ,TPULSE=TSTP, TREPET=200.. "
S ETAMAX=1. 0,ESTART= .01, EPULSE=5., EREPET=200.

S TSTOP=TSTPDXCCP=7.22968
S DALT9=10999.

START
VEK 99.9999059 ALPHAD 2.69495477 Q 0.
ALT 10000.0000 ETAD 0.49637286 GAMMAD-6.12632886

THETAD-3.43137409 TIME 0. AN 0.99929857 "N-c4

VEK 121.937459 ALPHAD 1.93136242 Q 0.04324758 ,2, ..
ALT 9399.40124 ETAD 9.49637286 GAMMAD-5.39135482 "

THETAD-3.4.5999241 TIME 12.90 000 AN 1.31598105

VEK 87.5520883 ALPHAD 3.43412635 Q-0.025498591
ALT 9521.73771 ETAD 0.49637286 GAMMAD 2.81322770 . .,

THETAD 6.23735495 TIME 24.0000000 AN 0.85162912

VEK 99.1196767 ALPHAD 2.65628993 Q-1.9;012716
ALT 9218.32978 ETAD 0.49637286 GAMMAD-15.2600428 ' %.THETAD-12.6037528 TIME 36.0990000 AN P.97578389

VEK 109.290973 ALPHAD 2.31813959 Q 0.91964675
ALT 8795.32924 ETAD 0.49637286 GAMMAD-2.29894627

THETAD 0.02009332 TIME 48.00090 AN 1.12601581

VEK 91.1228162 ALPHAD 3.19852476 Q-0.019 58144 .
ALT 8763.29354 ETAD 0.49637286 CAMMAD-4.24752148

THETAD-1.04949672 TIME 60.9000 AN 0.89270209

VEK 103.209102 ALPHAD 2.51945226 Q 0.90702534
ALT 8414.01146 ETAD 0.49637286 GAMMAD-11.252997, .

THETAD-7.73255472 TIME 72.9000000 AN 1.03622142 ,

VEK 102.264847 ALPHAD 2.59925787 Q 0.00533936
ALT 8150.97446 ETAD .0.49637286 GAMMAD-2.72378360

THETAD-0.12452573 TIME 84.0000 0 AN 1.03013203

VEK 95.5421614 ALPHAD 2.92362864 Q-9.9P980669
ALT 8000.27666 ETAD 0.49637286 GAMMAD-6.8296476'

THETAD-3.90601896 TIME 96.P00000 AN 0.94358945

VEK 103.120145 ALPHAD 2.54128177 Q P.006748691
ALT 7681.26595 ETAD 0.49637286 CAMMAD-7.28543841

THETAD-4.74415664 TIME 108 .0000 AN 1.03891802

VEK 99.3821384 ALPHAD 2.73222594 Q-P.00101423
ALT 7470.98509 ETAD 0.49637286 GAMMAD-4.17060998 " .

THETAD-1.43838494 TIME 12P.000000 AN 0.99260128

I "2. '



D - . -. PS.* . A- ~ 1

DCCPOS 3.38597SL

S CMD=DIS
S CMD1.0

S RRR=21*.

S TITLE=' LIGHT AIRCRAFT -PHtJGOID MODE.
RANGE ETAD

ETAD 0.49637286 1.49635611
S CMD=DIS

S HI1=2.,LO1=9.
S CMD10
PLOT ETAD,'XH1'=TSTP2#HI=HI1,#L=LO1,XTAG'='(SEC) ',TAG'='(DEG)'

STIL=
RANGE ALPHAD,Q,AN

ALPHAD-0.23557132 3.77131611

Q-0.989134 203 0.05005342
AN 0.61702932 1.32090147

HI1=4. .LO1=-1. .HI2=.l.L02=-.1,H13=1.4,L03=.4

RANGE VEKCMMDTHE TAD
VEK 83.2781743 122.456445

GAMMAD-291.94534889 6.21916033
THfETAD-19.6957197 8.95900022

S CMD=DIS
S HI1=130.,L01=80.,HI2=15. ,L02-35. ,HI3=25.,L03=-25.
S CMD=10l
PLOT VEK,2Hl'=H112LO'L1,'TAG'='(KTS)',GAMMAD2RI'=HI2,LO'=LO

2 
... A

'TAG'=' (DEG)',THETAD,HI=HI3,LO'=LO3,'TAG'='(DEGV

S CMD=DIS
STOP

O'



8 LIGHT AIRCRAFT PHUGOID MODE.

tu

*i 0.24 6.48 0.72 0.98 1. 20
TIME *i 2 (SEC)

crr 0-

0 -.

C5

0.00u 0.2 0 ~48 7 oa
TIME -io [SEC)

...... .. .
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----- -------- -- - - -

APEDX5 XL FEIGEN ANALYSIS OFLNIUIA OINO

ALIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS. ''

S PRN9,TCWPRNTSOP72

PREAR IMVEAPHAQETADALT. (A)4M4)l. fETAflAN

"'EIGEN ANALYSIS ~

S DPL~q.

START S
D CGPOS,PLS

ANALYZ 'FREEZE'=XYZPRBETAR,TAU1,TAU3
ANALYZ 'EIGVEC'=.T.,'EIGEN'

SEIGEN ANALYSIS il

S BEGIN=.F.
S DPL1l.

START
I, D CGPOS,PLS

ANALYZ 'EIGVEC=.T., 'EIGEN' .,.

STOP

oik



SDOFAP .L.

'''EIGEN ANALYSIS OF LONGITUDINAL MOTION OF A '

LIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS. '

S NST?=1,CINT=.95
S DXCGP=7.22968,TSTOP=P.
S DALT01=191990.

PREPAR TIME *VEK ALPHAD. Q. ETAD,*ALT. GAMMAD. THETAD,*AN

SEIGEN ANALYSIS ~

S DPL='0.

START
D CCPOS,PLS

CGPOS 32.3285397 PLS 91.

ANALYZ 'FREEZE'X,YZ,PRBETAR,TAU1,TAU3
ANALYZ 'EIGVEC'=.T., 'EIGEN'

COMPLEX EIGEN VALUES IN ASCENDING ORDER
REAL IMAGINARY FREQUENCY DAMPING

1 -3.278SE-16
2 -9.91886002 +/-9.18552241 90.186479 0101138
4 -1.84179949 +/-1.712293791 2.514791 0.732387

COMPLEX EICEN VECTORS /5

1 2 3
1 -0.9819847 0. 2.849E-04-3.806E-05 2.849E-04 3.806E-05 *

2 0.02990791 01. 9-009S129-0.9012707 01.0095129 01.00112707
3 1.461E-16 0. 1.127E-94 01.0035793 1. 127E-914-91.91035793
4 0.1867097 0. 0.0142453 0.9998451 01.0142453-0.9998451

2.8091E-70 7.715E-05-0.00137918 7.715E-05 01.0$013708

4 5
0.0025064 0.0031429 0.00259064-0.00531429
0.0836763 0.1049257 91.0836763-90.1049257
0.90511200-01.6733628 0.0511200 0.6733628 :.:

01.4396764 0.4369320 0.4396764-0.4369320
9.3589739 0.1133794 90.3589739-01.1133794

EIGEN ANALYSIS 'i

S BEGIN=.F.
S DPL1l.

START
D CCPOSPLS

COPOS 32.3285397 PLS 1.qq 5.~q

ANALYZ 'EIGVEC'=.T..'EIGEN'



COMPLEX EIGEN VALUES IN ASCENDING ORDER ~.%~
REAL IMAGINARY FREQUENCY DAMPING %J

1 -6.9337E-17
2 -0.017009625 +/-0.152723911 90.153667 01.11906790
4 -1.99230691 +/-1.74483996 2.648349 91.752283

COMPLEX EIGEN VECTORS '

1 2 3
1 -01.9992318 01. -1.808E-04 2.549E-914 -1.808E-014-2.549E-014
2 -90.0391893 01. 0.091046;09 9-09.00964 994 50.0046.099 03.90064994

* .3 -1.728E-16 01. 90.0018298 0.0016304 90.9018298-90.0016304-
4 -4.895E-09 0. 0.6663900 0.7455544 0.66639009-0.7455544
5 4.605E-12 0. -0.0012826-0.0013281 -90.9012826 90.0013281

4 5 -

3.778E-04-91.91952915 3.778E-0P4 9.0052915
-0.90096333 0.1349206 -90.0096333-90.1349206
0.5096059-0.5043772 0.5096059 0.5043772

-90.9298649 0.5624622 -90.0298649-91.5624622 A

0.1840649 0.34124191 0.18490649-91.34124191

STOP 1

2 WORDS TABLE SPACE USED

*A

lop

7T -A



* ~APPENDIX 6. EXAMPLE OF JACOBIAN ANALYSIS N'
.... .... .... .... .... .... .. 0.

SDOFAP.SETJP

"book ACSL. COMMAND FILE TO PERFORM JACOBIAN ANALYSIS. "

""APPLICATION: LONGITUDINAL STABILITY STUDY OF A "

"~'LIGHT AIRCRAFT INFLUENCED BY POWER EFFECTS. *f

* ~S PRN=9,TCWPRN=72.4 *.

""JACOBIAN ANALYSIS TO DEDUCE NON-DIMENSIONAL '

"'AERODYNAMIC DERIVATIVES OF A LIGHT AIRCRAFT ~"-
"iINFLUENCED BY POWER EFFECTS.

S NSTP=1,CINT=.915
S DXCGP=7. 22g68. TSTOP=O.
S DALT01109191.

PREPAR TIME ,VEKALPHAD,Q. ETADALT. GAMMAD, THETAD,AN

SJACOBIAN ANALYSIS "4'

S DPL1l.

START
D CCPOSPLS

ANALYZ 'FREEZE'=X.Y,Z,P,R,BETARTAUI,TAU3
ANALYZ 'JACOB'

S PRN=DIS
ANALYZ 'EIGEN' "' THIS COMMAND IS USED ONLY TO *

$""' INITIATE THE JACOBIAN ANALYSIS ~" .

S PRN=9

SJACOBIAN ANALYSIS '

S BEGIN=.F.

S DPL1I.

START ~ah
D CGPOS,PLS

ANALYZ 'JACOB' 4.

S PRN=DIS
ANALYZ 'EIGEN'

STOP 4

FI

pl. .



C 4-'C- r'r .- - r C C - C 'r"'r- - -- "rr-.

.'-. -9.%

SDOFAP.L

' JACOBIAN ANALYSIS TO DEDUCE NON-DIMENSIONAL ".

AERODYNAMIC DERIVATIVES OF A LIGHT AIRCRAFT ' _
INFLUENCED BY POWER EFFECTS.

S NSTP=1,CINT=.5-
S DXCGP=7. 22968,TSTOP=0. 9. -- 4

S DALT01 09.0.

PREPAR TIME, VEK, ALPHAD, Q, ETAD, ALT, GAMMAD, THETAD, AN ..

'**h JACOBIAN ANALYSIS '""-

S DPL=.

START
D CGPOS, PLS .

CGPOS 3 2 .3 28 53 97  PLS ."00090000 ,

ANALYZ 'FREEZE'=X,Y,Z,P,R,BETAR,TAU1,TAU3ANALYZ 'JACOB'

ROW VECTOR NAMES ..
TAU0 1 TAU2 2 Q 3

VT 4 ALP..AR 5 .

COLUMN VECTOR NAMES "
TAUPDT 1 TAU2DT 2 QDOT 3 ,.

DVT 4 DALPHR 5

MATRIX ELEMENTS - ROWS ACROSS, COLUMNS DOWN
1 2 3 4 5

1 . 0. -0.0195946 0. 0. .';.

2 0. 0. 0.4996159 0. 0. "." -

3 -3.991E-04 9.0101762 -2.5035555 -9.349E-95 -3.3652607

4 0.7681246 -19.585314 -0.0174290 -9.0431410 4.6697616
5 4.738E-04 -9.10120811 0.9798915 -0.0051029 -1.47192985I

S PRN=DIS

d * DIMENSIONAL JACOBIAN. ** ,

":-.,...- "
• ,-, --

- .0431419 4.6697616 -.P174290 -19.5853136

-. 051P29 -1.4719298 .9798915 -.9120811

-. 0000935 - 3. 3652697 -2.5035555 .0101762

.0000090 .0 MOON .4996159 .0000(p0 o, ,-

NOTE: ASSUMED RELATIONSHIPS IN USE FOR CALCULATION
OF ANGULAR RATE DERIVATIVES. " -

• ~~~A. "W,



.1, ..o . 6 .9

,% * . '

.1 . P .°

NON-DIMENSIONAL JACOBIAN. DIVATIVES.

<.%:

- .0005653 .0010215 - .0174290 - .0021422 T-....,..,

.040057 - .0192886 .97g8915 - .0000792 .' -.. -

.000010 - .005779 - .0328073 .00009 "°' ''

.0 0 .08640 .4996159 • 00000
-a "*. .- ,-

** NON-DIMENSIONAL AERODYNAMIC DERIVATIVES. '* --.- -

a. CTV = - .2208641 .. """

CLV -.91606333

CDV - .0509233 ,.*p3.

cmv -. 0115S3985

CLALPHA = 4.4965035

CDALPHA = .2632869

CMALPHA = -. 2876742

CLDALPHA = 1.3753121

CMDALPHA = -3.6791788

CLQ = 3.2512172
. a . . .

CMQ = -8.6975235

' * *JACOBIAN ANALYSIS -

S BEGIN=.F.
S DPL1I.

START ,-,"--
D CGPOS,PLS

CGPOS 32-3285397 PLS 1.000000'

..... :: ..- ,

ANALYZ'JACO-



ROW- VETONME

* ROWUM VECTOR NAMES'4.
TAUD 1 TAU2 2 QO3 3

DVT 4 ALPHR 5

MATRIX ELEMENTS - ROWS ACROSS, COLUMNS DOWN
1 2 3 4 5

1.0. -0.0195946 0.0
2 9. 01. 0.4996159 0. 0.
3 -3.991E-94 01.91101762 -2.5.035555 -9.349E-915 -3.3652607
4 0.7681246 -19.585314 -0.01742990 -01.04314101 4.6697616 ..
5 4.738E-04 -0,90120811 01.9798915 -90.0051929 -1.4719298 ',

S PRN=DIS

~"DIMENSIONAL JACOBIAN. "

.0431410 4.6697616 - .0174290 -19.5853136

-.900519029 -1.4719298 .9798915 -. 91129811 .4

-. 0900935 -3.3652607 -2.59035555 .019;1762

.00,009091 .00.0000 .4996159 .00000

NOTE: ANGULAR RATE DERIVATIVES CALCULATED FROM
ELEMENTS OF THE JACOBIAN MATRIX.

BEWARE OF POSSIBLE INACCURACY ASSOCIATED WITH SMALL CLIMB ANGLES.

''NON-DIMENSIONAL JACOBIAN. *

- .0005653 .0010215 - .0174290 -. 95021422

- .0040057 - .0192886 .9798915 - .09950792 .. ::

.009001P - .90955779 -. 533289173 .9000009

.009000 .90000 .4996159 .090000

.4 U



''NON-DIMENSIONAL AERODYNAMIC DERIVATIVES. *

CTV =- .2208641

CLV =- .9616025

CDV =- .0599233

CMV -.0169414

CLALPHA 4.4918363

CDALPHA = .2632860 -

CMALPHA = - .2965481 -

CLDALPHA = 1.1333446

.4CMflALPHA = -4.1392378

CLQ 3.6067239

CMQ -8.2467156



j.I
APPENDIX 7. JACOBIAN ANALYSIS SUBROUTINES

.. . . . .. . . . . .. . .

SUBROUTINE INTERM (A)

C "'"PROVIDES JACOBIAN REDUCTION ROUTINE 'ZZREDC' WITH "i

C f*A*FLIGHT CONDITION DATA. -

C '*''THIS SUBROUTINE MUST BE APPENDED TO SDOEAP.ACSL ' "

INTEGER ROCOL (5)
DIMENSION A(5,5) .AA(5,5) .AAA(S,5)
DIMENSION B (15)
LOGICAL LINEAR
CHARACTER' 1 ANS

DATA ROCOL/4,S,3,2,1/
5- LINEAR = .FALSE.

C tt** REARRANGE ROWS OF JACOBIAN. "

DO 10 I1.5
DO 20 J=1,5r
AAA (I, J)=A (ROCOL (I) ,J) -5

20 CONTINUE *'~~

150 CONTINUE
10\

*C "'REARRANGE COLS OF JACOBIAN. ***o'4

DO 301 11, 5
DO 40 J=1,5%
AA(I.J)=AAA(IROCOL(J)) 

6

40 CONTINUE
30 CONTINUE

C "'WRITE DIMENSIONAL JACOBIAN TO FILE. '

WRITE (9,801)

DO 70 I=1,4

WRITE (9,85) (AA(I.J),J=1,4) 5

79i CONTINUE *-"

*C "'ASCERTAIN WHETHER LINEAR ANALYSIS IS TO BE USED %'' %

* ~WRITE (6,13p) 5

Rh!.AD (5,1950) ANS
5-IF (ANS EQ. 1HY -OR. ANS EQ. 1Hy LINEAR TRUE. ~'

IF (LINEAR) THEN
* WRITE (9. 123)
* ELSE

WR ITE (9, 124)
* WR ITE (9,125)

WRITE (9. 126)
ENDIF

.1



.. A

C "'CALCULATE NON-DIMENSIONALISING FACTORS i

C "'REQUIRED A/C DATA AT EQUILIBRIUM POINT '

CALL ACINFO (CTPRP, SW.CW. THSET. XLT, XEPSAL)

QDS=. 5RHO*VT*62*SW -

CTE=CTPRP

CDE=CTE*COS (THSET) -CWE*SIN (GAMMAR)
CLE=CWEhCOS (GAMMAR) -CTE*SIN (THSET)
AMU=MASS/ (.S RHO' SW' CW)
FACT1=. 5'CW/VT
FACT2=.5 'CW/VT/VT -

FACT3=FACTI**2
FACT4=CWACW/4 ./VT

FACTS=CW/2.
FACT6=RHO'SW*CW'**3/8 ./IYY
IYYND=1/FACT6

C "'NON-DIMENSIONALISE JACOBIAN ELEMENTS. '

AA (1, 1)=AA (1, 1) ' FACTi
AA (1, 2) =AA (1, 2) *FACT2
AA (1, 3) =AA (1,3)
AA (1, 4) =AA (1.4) 'FACT2*.

AA(2,1)=AA(2,1) 'FACTS
AA (2, 2) =AA (2, 2) *'FACTI
AA(2. 3)=AA(2, 3) '

AA(2,4)=AA(2,4) 'FACTi' 5

AA (3,1) AA (3,1) FACT4
AA(3,2)=AA(3,2) 'FACT3 '2-

AA(3,4)=AA(3,4)*FACT3*.5

C "'ELEMENTS OF ROW 4 ARE OF NO FURTHER USE"'

C "'PASS A/C INFO TO SUBROUTINE IN ARRAY B"'

B (2) =COS (GAI4MAR)
B3=I(THSET)

B (4) =COS (THSET)
B (b) =(-W

B(6)=CLE
B (7)=CTE
B (8)=CDE ask
B (9) =AMU

*J. B(10)=IYYND
B (11)=XLT
B(12)XEPSAL
B (13)=CW -. c

C "'''CALCULATE NON-DIMENSIONAL DERIVATIVES iit

CALL ZZREDC(AA,BLINEAR)



890 FORMAT(////,31H DIMENSIONAL JACOBIAN. *./
85 FORMAT(/,4X,Fll.7. 2XFll.7. 2X,Fll.7, 2X,F11.7)
1W0 FORMAT (Al)
123 EORKAT(//,lX,51HNOTE: ASSUMED RELATIONSHIPS IN USE FOR CALCULATION

124/,IX,35H OF ANGULAR RATE DERIVATIVES. ./
14 FORMAT(//,lX,47HNOTE: ANGULAR RATE DERIVATIVES CALCULATED FROM

* ./, lX,38H ELEMENTS OF THE JACOBIAN MATRIX.)
125 FORMAT(//,lX,4SHBEWARE OF POSSIBLE INACCURACY ASSOCIATED WITH

* ,29H SMALL CLIMB ANGLES.
126 FORMAT( lX,45H-----------------------------------------------

* 120H----------------------7/
130 FORMAT(//, lX.46H SHOULD THE ANGULAR RATE DERIVATIVES BE FlUND 7

1 X.42H BY USING ASSUMED RELATIONSHIPS. (Y/N) ?,4X$)

200 RETURN

END

. . . . . . . . . . .



SUBROUTINE ZZREDC (AA. B.LINEAR)

C * REDUCES DIMENSIONAL JACOBIAN TO NON DIMENSIONAL DERIVATIVES '

PARAMETER (ISIZE=S,ISIZEM1=4) ! SIZE OF THE PROBLEM '0

LOGICAL FLAG, LINEAR
CHARACTER*10 C(11)
DIMENSION AA(ISIZE,ISIZE) .B(24) .D(11)
REAL IYYND, LT

DATA C/'CTV =0,CLV =','CDV ='.'CMV
1 'CLALPHA =',CDALPHA =','CMALPHA =','CLDALPHA =1

1 'CMDALPHA =','CLQ =§,ICMQ

C *"WRITE NON-DIMENSIONAL JACOBIAN TO FILE '

WRITE (9,501)

10 DO 20 I=1..ISIZEM1

WRITE (9,79) (AA(I,J),J=1,ISIZEMl)

2P CONTINUE

C '~RECONSTITUTE FLIGHT DATA ~

SCA =B(1)
CGA =B(2)
SAL =B (3)
CAL =B(4)
CWE =5(5)
CLE =B(6)
CTE =B(7)
CDE =B(8)
AMU =B (9)
IYYND =B(153)
XLT =B(11)
XEPSAL=B(12)
CW =B(13)

IF ( LINEAR ) THEN

C "APPROXIMATE SURPLUS DERIVATIVE CTV ~

D(l) = -3.91*CTE !CTV S

C *"CALCULATE NON-DIMENSIONAL DERIVATIVES 'S#

D(6) = CLE-2.0*AMU*AA(1,2) !CDALPI{A
D (3) =D(1) hCAL.2.0*CWEiSGA-2.0*AMUiAA(l, 1) !CDV
D(11) = IYYND'AA(33)/(1.0.*XEPSAL*AA(2,3)) !CMQ

aD(9) = D(11)*XEPSA- !CMDALPHR
D(10) = -D(11)*CW/XLT !CLQ ~
D(8) =XEPSAL*D (195) !CL.DALPIBA

DENOM =2.96AMU+D(B) !DENOMINATOR



777 77777-Y.

D(5) = -AA(2,2)DENOM-CDE ICLALPHA
D(2) = -D(1)SAL-AA(2,1)DENOM-2.0'CWE'CcA ICLV
D(4) = IYYND*AA(3. 1) -0(9) 'AA(2. 1) tCMV
D(7) = IYYNDAA(32)-D(9)*AA(2.2) !CMALPHA0

ELSE

C "t APPROXIMATE SURPLUS DERIVATIVE CTV *

D(l) =-3.*CTE I CTV0

C "'CALCULATE NON-DIMENSIONAL DERIVATIVES "

D(8) = -CWE*SGA/AA(2,4)-2.AMU !CLDALPHA

DENOM= 2.0'AMU+D(8) !DENOMINATOR

D (9) = -AA(3,4)*IYYND*DENOM/CWE/SGA !CMDALP-A
D (6) =CLE-2.*AMU*AA(1,2) ! CDALPHA
D (5) = -,kh(2,2) DENOM-CDE !CLALPHA
D(10)= 2.*AMU-AA(2,3)DENOM !CLQ
D(3) =D(1) 'CAL.2.'CWE'SGA-2.AMU'AA(l,l) !CDV
D(2) = -D(1)'SAL-2.CWECA-DENOM*AA(2,1) ICLV

FACT1= D (9)' (D (1) 'SAL+D (2) .2. 'CWE'CCA) /DENOM

D (4) =IYYNDAA(31).FACT1 ICMV
D(7) = IYYND*AA(3. 2)+0 (9) '(0(5) .COE) /DENOM ICMALPHA
D(11)= IYYND'AA(3,3)-D(9)'(2.AMJ-D(l0))/DENOM! CMQ

ENDIF

C "'OUTPUT COEFFICIENTS TO FILE SDOFAP.L "

WRITE (9, 60)
DO 30 I1=1,11
WRITE(9,40) C(II),D(II)

301 CONTINUE
WRITE (9,80)

OL40 FORMAT(/,4X,A10,2XF14.7)
501 FORMAT(////,35H "* NON-DIMENSIONAL JACOBIAN. "/4.
60 FORVAT(///

,59H **" NON-DIMENSIONAL AERODYNAMIC DERIVATIVES. /1
70 FORMAT(/,4XF11.7.2X,Fl1.7. 2X,F11.7, 2X,Fll.7)
80 FORMAT (///)

RETURN r

END

SUBROUTINE ACINFO(CTPSWING.CWINGALPT.XLT,XEPSL)

INCLUDE 'ETPAR.F'

CTP=CTPROP
SWI NGCSW
CWING=CW
ALPT=THSET



.l'

7 ,..4.4*

.44

C idt CALCULATE THE TAILPLANE'S MOMENT ARM XLT )~

XLT = XT - XQARTC

4, C lC THE RATE OF CHANCE OF DOWNWASH WITH ALPHA IS PREFIXED WITH ' '

C " AN 'X' TO OVERCOME PROBLEMS WITH THE COMMON STATEMENT.

XEPSAL EPSAL

RETURN

END
.•

, - . ," .4.
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